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STATEMENT OF BASI S AND PURPCSE

Thi s deci si on docunent presents the selected renmedial action for QOperable
Unit 2 (QU 2) at the Broderick Wod Products (BWP) Superfund site which is
| ocated at 5800 Gal apago Street in unincorporated Adans County, Col orado.
The selected remedial action is treatnent of the soils, sedinments, and
surficial ground water, and denolition and recycling/landfilling of
bui | di ngs, and recycling of building contents at BWP. The renmedy was

sel ected in accordance with the Conprehensive Environnental Response,
Conpensation, and Liability Act of 1980 (CERCLA), as anended by the

Super fund Amendnents and Reaut horization Act of 1986 (SARA) and, to the
extent practicable, the National G| and Hazardous Substances Pol | ution
Conti ngency Plan (NCP).

Thi s deci si on docunent explains the basis for selecting the renmedy for the
soils, sedinents, ground water, and buildings and building contents at this
site. The information that fornms the basis for this renedial action
decision is contained in the Adm nistrative Record for this site and is
sunmari zed in the attached Deci sion Summary.

The State of Col orado concurs with the sel ected renedy.
ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromthissite, if not
addressed by inplementing the response action selected in this Record of
Deci sion (ROD), may present an inm nent and substantial endangernent to
public health, welfare, or the environment.

DESCRI PTI ON OF THE SELECTED REMEDY

The BWP site has been divided into two operable units: interim
actions/source control (QU 1) and final renedy (QU 2). In June 1988, EPA

i ssued a ROD to address source control and the direct contact exposure

pat hway. The nmj or conponents of the June 1988 ROD were restriction of site
access, excavation and on-site incineration of sludge, stockpiling or on-
site incineration of visibly contam nated soils beneath the inpoundnments,
and treatnent of water in the inpoundrments and buil di ngs. Based on new
techni cal data and cost information obtained subsequent to the June 1988
ROD, EPA revised its decision to enploy on-site incineration as a source
control neasure for QU 1. New data eval uated by EPA included technical data
on the interaction of contam nants and ground water received from continuing



RI/FS activities for QU 2 and cost information for on-site incineration
recei ved during renedial design for QU 1. A ROD Anendnent for QU 1, issued
on Septenber 24, 1991, describes the revised interimaction, which involves
of f-site recycling of the inmpoundnent sl udges.

The sel ected renedy presented in this ROD addresses the principal threats
posed by the site. They are the soils, sedinents, ground water, buildings
and building contents that contribute to contanination at the BWP site and
from OQU2. These nedial contain el evated concentrati ons of pentachl orophenol
pol ynucl ear aronmatic hydrocarbons, volatile organic conpounds, and
chlorinated di oxins and furans. A portion of the site soils also contain
el evated concentrations of netals left frompre-BWP operations at the site.
I nhal ation and ingestion of, and direct contact with these contam nants have
been determined to pose a threat to human health fromthe soils, sedinents,
ground water, buildings and buil dings contents. The final site renmedy is
intended to mitigate these exposure pathways and includes the follow ng
conmponent s:

Soi | s/ Sedi ments. The selected renedy will use the follow ng technol ogi es
and controls to address contam nation in soils and sedi nents:

Approxi mately 59,000 cubic yards of soils npbst highly contani nated

with organics will be excavated and biorenmediated in a | and treatnent
unit (LTU). The length of the total treatnment process is estinated at
seven years. Since the Land Disposal Restrictions (LDRs) will not be
net at the tine of placenment in the LTU, these LDRs are wai ved under
an interimneasures waiver. The LDR treatnent standards will be net
at the end of the renedial action by a soil and debris treatability
vari ance.

Approxi mately 120 cubic yards of organi cs-contam nated sedinents in
Fi sher Ditch will be excavated and treated to renpve water, as
necessary, in preparation for subsequent treatnent with the

organi cs-contam nated soils.

Approxi mately 800 cubic yards of soils contam nated with heavy netals
will be treated through chemcal fixation to forma chemcally and
nechanically stable material. This material will then be disposed at
an off-site, RCRA-pernmitted, solid-waste landfill.

The existing surface i npoundnents will be closed in accordance with
RCRA requi rements.

Exposure to organi cs-contani nated soils at |ower |evels renmining
after excavation treatnment will be controlled by the use of
institutional controls, such as deed restrictions, to prohibit future
residential and agricultural use of the site.

Ground Water. The selected renedy will use the follow ng technol ogi es and
controls to address ground water contam nation in the three aquifers under
the site:

Approximately 526 mllion gallons of ground water and light (floating)
non- aqueous phase liquids (LNAPL) fromthe surficial aquifer will be
recovered in a recovery system such as subsurface drain trenches and
recovery wells. A two-phase (ex-situ and in-situ) biological water
treatment process will then renove LNAPL in an oil/water separator

The LNAPL will be reclained by shipping it to an off-site recycling
facility. The remaining water will be treated in a twostage,
fixed-filmbioreactor, mxed with nutrients and an oxygenati ng
chemical, then reinjected into the aquifer to stimulate bacteria



growmh to pronote further breakdown of contam nation within the
shal | ow aqui fer.

Smal | anpbunts of dense non-aqueous phase |iquids (DNAPL) and ground
water will also be collected fromexisting nonitoring wells in the
Denver aquifer, treated in the oil/water separator, and sent to an
off-site recycling facility.

Ground water in all three aquifers under the site will be periodically
nonitored for thirty years using approximately 10 to 15 wells to
assess ground water quality and mgration of contam nants.

Additional nonitoring wells will be drilled in the Arapahoe aquifer to
further test the aquifer and to collect and anal yze additional ground
wat er sanples to provide additional information about ground water
contam nation in this aquifer, if any.

Institutional controls, such as deed restrictions, will be placed on
the property to control access to water in the surficialand Denver
aquifers. Federal and State ground water standards identified as
applicable or relevant and appropriate requirenents (ARARs) are not
expected to be net in the Denver aquifer. These ARARs are wai ved due
to technical inpracticability.

Bui | di ngs, Vessels, and Druns. The selected renmedy will address
contam nation in buildings, vessels, and druns as foll ows:

Buil dings will be denolished and building debris will be
decont ani nated and tenporarily stockpiled on-site.

Approxi mately 225 tons of scrap netal will be decontam nated and
transported to an off-site reclamation facility.

Vessel and drum contents, including an estinmated 42,000 gall ons of

organi cs and sludges, will be punmped or excavated, stored tenporarily
on-site, and then transported, in drums, to an off-site reclamation
facility.

Approxi mately 9,500 gallons of contam nated water in building sunps or
baserments will be punped, stabilized, drummed and transported to an
off-site, permtted hazardous waste landfill.

An estimated 850 cubic yards of building debris and 205 cubi c yards of
asbestos-containing naterials will be disposed in an offsite,
permtted landfill.

DECLARATI ON OF STATUTORY DETERM NATI ONS

The selected renedy is protective of human health and the environment,
conplies with Federal and State requirenents that are legally applicable or
rel evant and appropriate to the renmedial action (or justifies a waiver of
any Federal and state ARARs which will not be net) and is cost-effective.
This remedy utilizes permanent solutions and alternative treatnment or
resource recovery technol ogies to the maxi nrum extent practicable, and
satisfies the statutory preference for renedies that enploy treatnment that
reduces toxicity, nobility, or volune as a principal elenent. Because this
remedy will result in hazardous substances renmining on-site above health-
based |l evels, a review of this remedy will be conducted no |ess often than
each five years after commencenent of the remedial action to ensure that the
renmedy continues to provide adequate protection of human health and the
envi ronnent .
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. SITE NAME, LOCATI ON AND DESCRI PTI ON

The Broderick Wod Products (BWP or Broderick) Superfund site is |ocated at
5800 Gal apago Street in unincorporated Adans County near Denver, Col orado
(Figure 1). The City and County of Denver corporate boundary is about 3,000
feet south of the site, and Interstate Hi ghway 25 at 58th Avenue is about
onehalf mle east of the site. The triangul ar-shaped BWP property
enconpasses approximately 64 acres and is situated in a primarily industria
area. It is bounded on the southwest by a right of way of the Col orado and
Sout hern Railroad, on the southeast by a right of way of the Denver and Ri o
Grande Western Railroad, and on the north by Fisher Ditch. Al so southeast
of BWP is the Koppers Company, an active wood treating operation. The 1990
census for the three zip codes nearest the site (80211, 16, and 21, a radius
of approximately three mles) indicated a popul ation of 106,928 in the area
surroundi ng the site.



The major site features (Figure 2) include two unlined surface i npoundnents
(rmai n and secondary) and a total of 23 structures. The structures include
several storage buildings, the main office, a change room a water punp
house, two wood fabrication shelters, the treatnent and boiler building, and
a shop building. Underground structures at the site include the treatnent
bui | di ng basenent and two cylinder basenents. In addition, there are 16
vessel s including storage tanks, an air cylinder, and a pressure cylinder on
the site. The capacities of these vessels range from 2,400 to 50, 000
gal l ons. Approximately 70 druns of a variety of chemcals, oils, and
asbestos continue to be stored in the process area and an additional 65
drunms of oil fromsludge are stored in the i npoundnent area of the site.

The BWP site is located on an elevated alluvial terrace about onehalf nile
south of Clear Creek. The site is not within the C ear Creek 100year
floodplain. The surface of the site is relatively flat but dipsgently to
the northeast. Surface elevations range from5,206 feet in the northeastern
corner of the site to 5,227 feet in the southern corner (EPA 1988). There
is little surface run-on, or run-off at the site because of existing

t opographic restraints and nan-nade barriers, such as ditches or railroad
cuts or enbanknents al ong site boundaries.

Ground water is present in a series of three water-bearing geologic units
beneath the site. Surficial eolian deposits, Slocum Al luviumand the

weat hered Denver Formation conprise the surficial aquifer. These surficia
deposits range in thickness from 18 to 35 feet. The unweat hered Denver
Formati on (Denver aquifer), composed of claystones with interbedded
sandstone | enses, underlies the surficial aquifer, constitutes the bedrock
at the site, and is approximtely 150 feet thick. The upper Arapahoe
Formati on (Arapahoe aquifer), conposed of interbedded sandstone, siltstone
and clay shale, underlies the Denver aquifer, and occurs in thicknesses of
500 to 600 feet (see Figure 3). The upper two units are recharged by
subsurface inflow and infiltration of surface water. The ground water fl ow
in the surficial and Denver aquifers is generally towards the north-
northeast. The ground water flow in the Arapahoe aquifer is generally nore
to the north and recharge is fromoutcrops approximtely fifteen mles south
and west of the site. Sone residences north of the site use ground water
wells for irrigation purposes. However, all of these residences are
currently connected to a

nmuni ci pal water supply system for househol d use.

Access to the site is presently restricted by a | ocked, six-foot chain-Ilink
security fence topped with barbed wire and posted wi th warningsigns. The
main entrance gate is located at the southern tip of the site. The nain and
secondary i npoundnents are surrounded by a wooden-slat snow fence

approxi nately three-feet high. The treatnent plant building is also
surrounded by a six-foot chain-link fence posted with warning signs.

[1. SITE H STORY AND ENFORCEMENT ACTI VI TI ES
Qperations History

The BWP Conpany operated a wood treating facility at this location to treat
power poles, fence posts, railroad ties, and other wood products from 1947
to 1981. Creosote was used as a wood treating chem cal throughout the life
of the facility and was mxed with a carrier oil (fuel oil) for application
Pent achl or ophenol (PCP), which was dissolved in a carrier oil, was used on a
limted basis prior to 1953 and regularly between 1953 and 1980.

During the operational |ife of the facility, process waste fromthe plant
was di sposed of on the site, with nuch of it going to the inpoundnents



| ocated in the northwest corner of the site. The waste was conveyed to the
i mpoundnents through a ten-inch dianeter clay, bell- and spigot pipe.

Rel ease of contam nants fromthe i npoundnents has occurred froml eaching

t hrough the underlying soils to ground water as well as volatilization and
fugitive dust em ssions fromthe inmpoundnent surface.

The main i nmpoundnent is reported to have been constructed in 1946 by filling
in the ends of a railroad cut. Hi storical aerial photographs indicate that
t he mai n i npoundnent extended nuch closer to the northern site boundary

during the early years. In 1956, a secondary inmpoundnent was constructed
west of the main i npoundnent for additional evaporation capacity and as an
overfl ow structure for the main i npoundnent. 1In 1962, the nain and

secondary i npoundnents caught fire and burned for several hours.

In Novenber, 1981, BWP ceased operations as a wood treater, citingnarket
conditions. Seven nmonths later, in June 1982, BW's assets were |iquidated
into a trust-operated partnership known as the Broderick Investnment Conpany
(BIC), a Colorado |imted partnership. The trustees of the partnership were
the First National Bank (now the First Interstate Bank of Denver) and the
Col orado National Bank of Denver. Shortly thereafter, the BWP Conpany was
officially dissolved, naking BIC the successor to BW Conpany's busi ness

i nterest.

CERCLA Enforcenent History

The recent history of the site has included nunerous activities and

i nvestigations of contam nation on and off the site. Mst of these
activities have been in response to or in coordination with regul atory and
| egal actions by the U S. Environnmental Protection Agency (EPA) and the

Col orado Departnent of Health (CDH). A detailed history of enforcenent
activities was provided in the Sunmary Docunent (January 1991) prepared for
EPA and placed in the Adm nistrative Record. WMajor enforcement activities
prior to June 1988 included EPA investigations under both the Resource
Conservation and Recovery Act (RCRA) and the Conprehensive Environnenta
Response, Conpensation, and Liability Act of 1980 (CERCLA), as anmended by

t he Superfund Anendnents and Reauthorization Act of 1986 (SARA), which | ead
to placenment of the BWP site on the National Priorities List (NPL) in
Septenber 1984. Renedial Investigation/Feasibility Study (RI/FS) activities
began in 1985 and have been conducted in three phases. In |ate 1985, EPA and
Bl C reached agreement on the terns of a Partial Consent Decree (PCD) under
whi ch the defendants agreed to pay $100, 000 for the alleged violations of
RCRA interimstatus regulations. The PCD al so established a framework for
t he defendants to conduct a CERCLA-type RI/FS, with a correspondi ng stay of
di scovery and litigation pending conpletion of the RI/FS and sel ecti on of
renmedy. The decree covers conduct of the Phase IIl RI/FS as well as the
Phase Il RI/FS studies. Phases | and Il were sufficient to allow selection
of interimactions to renediate the site.

Interi mRenmedi al Actions

In June 1988, EPA issued a Record of Decision (ROD) for the BWP site based
on the Phase | and Il RI/FS efforts. This ROD identified interimactions to
control the najor source of contami nation at the site and to address risks
fromdirect contact exposure to site contam nants. The mmjor conponents of
the June 1988 ROD were restriction of site access, treatnment of water in the
i mpoundnents and buil di ngs, excavation and incineration of sludges, and
stockpiling or on-site incineration of visibly contamnated soils in the

i mpoundnents (referred to as Qperable Unit 1 or QU 1). The ROD al so
specified that cleanup actions for buildings, vessels and surface soils, and
noni toring of the effectiveness of the renedies, would be determ ned as a
part of Phase IIl studies for Operable Unit 2 (or QU 2) at the site.



In May 1990, BIC filed a petition for reconsideration of the June 1988 ROD
with the Regional Admnistrator of Region VIII. EPA decided to reconsider
the June 1988 ROD due to the cost information acquired during design of the
renmedy and new technical data on the interaction of contam nants and ground
water fromthe Phase Il RI/FS activities. EPA had determ ned that renova
and storage of the sludges would be necessary under any alternative
selected. As a result, EPA requested and BIC agreed in Cctober 1990 to
proceed with renoval of the sludges fromthe two i npoundnents.

Two tenporary lined cells were constructed on the Broderick property in the
area of the secondary inpoundnent. Sludges fromthe secondary inpoundnment
were stockpiled tenporarily until the solid sludge storage cell was

conpl eted. Approximately 950 cubic yards of solid sludges have been stored
in asingle-lined cell with |eachate collection in accordance with 40 CFR
Subpart L - Waste Piles. Approxinmately 1,220 cubic yards of l|iquid sludges
have been stored in a double-lined cell with |eak detection in accordance
with 40 CFR, Subpart K - Surface |npoundnents. 1In addition, a quantity of
oil has been collected fromthe sunp of the solid storage cell and stored in
55gal | on druns. Storage of the sludges is tenmporary until inplenmentation of
the renedy selected in the QU 1 ROD Anendnent. Renoval of the sludges to an
off-site recycling facility is the InterimRenedial Action selected in the
QU 1 and ROD Anendnment. All conponents of the June 1988 ROD that were not
addressed by the ROD Anendnent are being addressed by this ROD.

Renedi al I nvestigation/Feasibility Study

The Phase 11l R was finalized in Decenber 1990. The Phase Il R
identified contam nated ground water, contamnation in surface soils, and
"hot spots" of contami nation at the site including buildings and vessels.

An Endanger nent Assessnent was issued in May 1991 and identified the mgjor
pat hways for exposure to contam nation as ingestion, inhalation, and derma
contact. Depending on future site use, the popul ations with the highest
potential risk fromexposure to contam nati on were on-site resident young
children, on-site construction workers, and on-site industrial workers. The
Final Feasibility Study, dated June 28, 1991, identified ten detailed
alternatives for cleanup of contam nated soils and sedinents, shallow ground
wat er, and buil di ngs and buil di ngs contents.

[11. H GHLI GATS OF COMWUNI TY PARTI CI PATI ON

Conmunity interest at the Broderick Wod Products site generally has been
low to date, with involvenent primarily fromresidents and busi nesses
located in the vicinity of the site as well as fromstate and | oca
officials. Community interest and concern increased sonewhat in 1989 after
sel ection of on-site incineration as the renedial technology to treat

contam nated sludges at the site. Concerns about the RD/RA process again
decreased w th announcenent of the revised plan to treat sludges via

recl anati on and off-siteincineration. There has been sone nmedi a coverage of
the site, primarily corresponding to key points in the Superfund process or
followi ng neetings with the public or with local officials. Further detai
of community involvenent at the BWP site is presented in the Responsiveness
Sunmary of this ROD. The public participation requirenents as specified in
CERCLA Section 113 (k)(2)(B)(i-v) and Section 117 have been net as descri bed
bel ow.

In June 1988, EPA issued the Record of Decision for QU 1. A second vol une
of the ROD, the community invol venent and responsiveness sunmary, sunmarized
conmuni ty invol venent activities conducted for the site and provided
responses to official public conments on the Proposed Plan for QU 1
Responses addressed both the 41 oral and witten comments, as well as BIC s



conmments submitted during and after the public comrent period.

Bet ween June 27, 1989 and June 28, 1989, EPA net with six representatives of
the community to identify any new concerns they night have about the RD/ RA
process. Additionally, on July 11, 1989, EPA held two separate briefings for
state and local officials, businessnen, residents, and concerned comunity
groups to describe the RD)RA process and identify and address any community
concerns.

Maj or concerns regarding the renedial action expressed at these neetings

i ncl uded concern about the safety and efficiency of on-site incineration
concern about possible community opposition to on-site incineration, and
concern about potential traffic and road inpacts fromthe renedi ation. O her
concerns expressed included concerns about potential surface and ground

wat er contanination off the Broderick property fromthe site (including the
potential for contam nation to migrate into private wells), and continuing
site access issues. These neetings produced requests for nore detailed

i nfornati on about the specific incineration process to be enployed at the
site, about ongoing RI/FS work to characterize and renediate the entire
site, and about other Superfund sites near Broderick

On May 24, 1990, BIC submitted a petition to the U S. EPA Regi ona

Adm ni strator for Region VIII that provided additional information about the
site and requested a change in the renedy fromthe June 1988 ROD. From May
1990 t hrough Decemrber 1990, EPA reviewed this information and additiona

i nfornati on gained in ongoing site investigations, in order to eval uate

whet her the decision to enploy on-site incineration continued to be the nost
appropriate renedial alternative to treat sludges in the surface

i npoundnents. In late 1990, following a review of all applicable

i nfornmati on, EPA reached a decision to prepare a new Proposed Plan for the
treat ment of inpoundment sl udges.

In md-January 1991, EPA prepared a "Summary Document - Post-ROD Activities"
(EPA, 1991) which summari zed and descri bed the data and findings of cleanup
i nvestigations that led to a reevaluation of the sludge treatnment renedy

sel ected in the June 1988 ROD. This docunent was placed in the

Adm ni strative Record files at the information repositories.

The final Phase Il FS Report was conpleted on June 28, 1991 and an Addendum
to the FS was conpleted on July 11, 1991. Based on these docunents, EPA
identified its Proposed Plan for QU 2 and described it in a fact sheet
mailed to the public on Septenmber 19, 1991. This fact sheet was sent to 232
persons on the mailing list. This fact sheet described the Proposed Pl an
for treatnent of soils, sedinents, ground water, buildings, and buil ding
contents. The fact sheet al so described opportunities for public

i nvol venent including the public neeting and the public comment period for
the QU 2 Proposed Pl an.

On Septenber 17, 1991 and Septenber 18, 1991 respectively, public notices
were placed in two Commerce City weeklies, the Beacon and the Express,
announci ng a public coment period from Septenber 23, 1991 to Cctober 23,
1991f or comments on the Proposed Plan for QU 2. Al so, on Septenber 22,
1991, EPA placed a quarter-page public notice in the Rocky Muntain News
with the same announcement. The notices al so announced the Cctober 9, 1991
public neeting, and informed the public of the availability of all pertinent
information at the two information repositories:

EPA Superfund Record Center Adans County Public Library
999 18th Street Commerce City Branch
Denver, CO 80202 7185 Monaco Street

(303) 293- 1807 Commerce City, CO 80022



(303) 287-0063
Hours: Mon - Fri: 8:30 amto 4:30 pm Mn, Th: 1:00 pmto 8:00 pm
Tu, W F, Sat: 10:00 amto 5:00 pm

The public neeting to discuss the QU 2 Proposed Plan was held on Cctober 9,
1991 at the Inn at the Mart |ocated near the site. A transcript of the
neeting was prepared for placement in the Adm nistrative Record files at the
infornation repositories. At the neeting, which was attended by 25
conmunity menbers, only two oral coments were received.

Bet ween Sept enber 23, 1991 and Novenber 22, 1991, EPA net with concerned
citizens, representatives of several community groups, and local officials
to identify any questions they m ght have about the OU 2 Proposed Pl an
Additionally, on Novenber 12, 1991, EPA held a briefing for state and | oca
of ficials and Congressional staff nenbers to describe the Proposed Plans for
t he Broderick Superfund site, together with those for three other Superfund
Sites in northern Denver and southern Adans County.

During the public comment period for the QU 2 Proposed Pl an (whi ch was

ext ended to Novenber 22, 1991), EPA received witten comments from attorneys
for BIC, attorneys for Brannan Sand and Gravel Co., the Fisher Ditch/United
Water Co., and the U S. Fish and Wldlife Service. Responses to officia
public coments, both verbal and witten, are presented in the

Responsi veness Sumary attached to this ROD. V. SCOPE AND ROLE OF
OPERABLE UNI'T

The problens at the Broderick site are conplex. As a result, EPA has
organi zed the work into the followi ng two operable units (QUs):

QU 1: interimactions, and
QU 2: final renedy.

The June 1988 ROD for Operable Unit 1 (QU 1) and its subsequent Amendnent

i ssued on Septenber 24, 1991, selected specific interimactions to be taken
as part of the initial cleanup. The interimactions were selected to neet

t he objectives of addressing the principal threats to hunan health and the
environnent. These threats were associated with the ease of site access and
the potential for direct contact with the i npoundnent wastes. These wastes,
consi sting of sludges remai ning fromdisposal of wood-treating chemcals
into the inpoundnments, were the nmmjor source of contamination at the site.
These sl udges therefore posed the principal threat due to the potential for

i nhal ation and dermal contact with chemical wastes fromthe creosote and
pent achl or ophenol wood treating processes. By placing these sludges in |ined
and covered storage cells, this threat has been tenmporarily isolated from
the soils and ground water. Renobving and treating the sludge will elimnate
this primary source. Renedial design for the renpval and transport of the
sl udge i s proceeding.

Site access has been restricted through construction of a fence around the
entire BWP site. The June 1988 ROD deferred decision on a renmedy for the
bui | di ngs and vessels, and surface soils to this final action

QU 2, authorized by this ROD, addresses the renaining areas of the site.

The Phase Il RI/FS was initiated to fill data gaps from previous site

i nvestigations that prevented selection of a final site renedy.

Specifically, EPA identified additional work that was necessary to renediate
the site, particularly with regard to ground water and the principal threats
of soils/sedinments, NAPLs and the structures and their contents.

Sit ehazards addressed as part of QU 2 include:



Cont am nated soils
- organi cs-contam nated soils
- net al s- cont am nated soils

Organi cs-contam nated Fi sher Ditch sedinents
Cont am nat ed ground wat er

- surficial/weat hered Denver aquifer

- Denver aquifer

- Ar apahoe aqui fer

Bui | di ngs, vessels, and druns.

The Phase Il RI/FS effort included sanpling of existing ground water wells
on the site and on the property north of the site, as well as soil sanpling
and bench scal e biorenedi ation studies of the soils. The Phase Ill Rl

report was conpl eted on Decenber 20, 1990 and the FS report was conpl eted on
June 28, 1991 and subsequently revised.

V. S| TE CHARACTERI STI CS
Site Geol ogy and Hydrol ogy

The BWP site is situated on an elevated Quaternary alluvial terrace about
one-half mle south of Clear Creek. The site is |ocated above the C ear
Creek 100-year floodplain. The surface of the site is relatively flat but
dips gently to the northeast. Surface elevations range fromb5, 206 feet in
the northeastern corner of the site to 5,227 feet in the southern corner
(EPA, 1988).

There is little surface run-on or run-off at the site because of existing
t opographic restraints and nan-nade barriers, such as ditches or railroad
cuts or enbanknents along site boundaries. Fisher Ditch runs west to east
al ong the northern boundary of the BWP site. The Fisher Ditch Extension, a
buri ed water pipeline, crosses the eastern portion of the property

di agonal ly from northwest to southeast. The United Water Conpany's Rocky
Mountain Ditch, also a buried culvert, crosses the extreme southern tip of
the property. Gound water is present in a series of three water-bearing
geologic units beneath the site. These three partially-saturated or
saturated geologic units underlying the site are showmn in Figure 3. In
descendi ng order they are:

1. Alluvial deposits and weat hered Denver Formation bedrock (surficia
aqui fer);

2. The unweat hered Denver Fornmation bedrock (Denver aquifer); and
3. The upper Arapahoe Formation (Arapahoe aquifer).

Surficial/Wathered Denver Aquifer. Gound water investigations reveal ed
that the surficial/weathered Denver formations act as a single unconfined
aquifer (referred to hereafter as the "surficial aquifer"). The surficia
aquifer is a shallow, unconfined system conposed of Pleistocene eolian sands
and silts, sands and gravels of the Slocumterrace alluvium and weathered
Denver Formation claystone. The contact between the weathered and

unweat hered bedrock lies at depths ranging from15 to 30 feet across the
site. Flowin the surficial aquifer is to the north-northeast. The aquifer
is recharged by surface infiltration, upgradient ground water, and Fisher
Ditch. A nunber of shall ow domestic and irrigation wells are located in
this aquifer in the vicinity of the site. Fromrecent well user surveys,
the current use of these wells is apparently limted to non-donestic



pur poses.

Denver Aquifer. The underlying unweathered Denver Formation aquifer is
confined and al so has a north-northeast flow direction. The upper seven to
15 feet of the Denver Formation are weathered bedrock with vertica
fracturing, which decreases with depth. The unweat hered Denver Fornmation
bedrock constitutes the confined Denver aquifer and is nade up of claystone,
shal e and sandstone | enses. The unweat hered bedrock is consolidated and only
locally fractured. The weat hered portion and the unweat hered portion of the
Denver Fornmation are treated as two separate hydrologic units with the
upper, weat heredportion considered as part of the surficial aquifer

(descri bed above). The Denver aquifer under the Broderick property appears
to contain | enses of perneabl e sandstone interbedded in | ess perneable

cl aystone (see Figure 3). These | enses of sandstone generally do not have

| arge areal extents, thereby providing only limted water supplies and
confining contanm nants to relatively snmall areas. Recharge occurs primarily
by downward mgration of water fromthe overlying surficial aquifer through
vertical fractures. Sone residences north of the site use Denver aquifer
ground water wells for commercial and/or irrigation purposes.

Arapahoe Aquifer. The upper Arapahoe aquifer is also a confined systemthat
i s conposed predom nantly of |oosely consolidated sands with sone

i nterbedded cl aystone and shale. This formation forns the maj or bedrock
aquifer in the Denver Basin and lies at a depth of approximtely 200 feet

bel ow the surface. The regional dip of bedrock is gently toward the north-
northeast. The ground water flow in the Arapahoe aquifer is generally to the
north. The Arapahoe aquifer is confined by the overlying Denver aquifer
Recharge of the Arapahoe occurs at the outcrop areas around the edges of the
Denver basin, approxinmately 15 to 20 mles south and west of the site.
Several private wells in the inredi ate area tap the Arapahoe aquifer

Nat ure and Extent of Contam nation

The scope of the RI was directed at studies for all media that may have been
contam nated. Soils, Fisher Ditch surface water and sedi nents, ground

wat er, buildings, and vessel contents were investigated as potentia

pat hways at the site. Sone of these nedia were apparently affected by the
m gration of contanminants fromformer industrial activities at the

i mpoundnent area, process and drip track area, and the former railroad
engi ne house/shop area (see Figure 2). Soils at the BWP site were found to
have been affected by wood-treating chenmicals (PCP, creosote), heavy netals
(arsenic, lead, cadmium zinc), and other wastes (fuel oil and grease).

Fi sher Ditch sediments were inpacted by creosote-type pol ynucl ear aromatic
hydrocarbons (PAHs). G ound water was found to have been affected by wood-
treating chem cals (pentachl orophenol, creosote, isopropyl ether) and

vol atil e organi ¢c conpounds (primarily fuel oil). This contam nation is
sunmari zed bel ow.

The estimated vol unes of contaninated materials are given in the June 28,
1991 FS. These contani nated vol umes above the NCP-required goal of 10[ 6]

i ncl ude: 160, 100 cubic yards of soils; 119 cubic yards of Fisher Ditch

sedi ments; 600 cubic yards of netal s-contam nated soils; 528 mllion gallons
of ground water; and 42,000 gall ons of contents from buil dings, vessels, and
drunms on the Broderick property.

The primary contaninants of interest at the site are pol ynuclear aromatic
hydr ocarbons (PAHs), acid extractable conpounds (principally PCP and ot her
chl ori nated phenolic conpounds), dioxins and furans, volatile organic
conpounds (VQOCs) (principally benzene, ethylbenzene, toluene and xyl ene),
and sonme toxic netals (principally arsenic, cadmum |ead, and zinc).



Soil Contam nation. Soil contamination at the site is found prinmarily in

t he i mpoundnent and process areas to a depth of approximately 4 feet and
consists primarily of PAHs and PCP. Metals contanination of surficial soils
was noted in the fornmer railroad shop area. Sone PCP contani nati on was al so
identified along the eastern site boundary near the adjacent Koppers wood
treating facility.

Sone PAHs were detected at concentrations as high as 14,000 ppmin the
surface soils in the inpoundnment area (see Table 1A). Concentrations of PCP
were observed as high as 8,600 ppmin the surface soils in the inpoundnment
area and as high as 3,300 ppmin the surface soils in the process area.
Benzene was detected at a naxi mum of 0.33 ppmin the soil, while other
VOCswer e found at maxi mum concentrations of 21.4 ppmfor xylenes, 4.7 ppm
for toluene, and 4.3 ppm for ethyl benzene. The greatest concentrations of
di oxi ns/furans were found in surface soils in the i npoundnent area, wth
TCDD equi val ency val ues as high as 56 ppb. TCDD-equival ency neans that the
concentrations of the |ess potent isomers were nultiplied by certain
equi val ency factors to express their relative strength conpared to 2,3,7,8
TCDD, the nost toxic formof dioxin (see Table A-1 in Exhibit A).

Ground Water Contami nation. Wod treating chenicals (creosote and PCP) have
been detected in the surficial and Denver aquifers (see Table 1B). Light non
-aqueous phase liquid (LNAPL), often referred to as "floating product” or
"floaters", is present as a sheen in nost of the wells in the process and

i mpoundnent areas but is not believed to be off the Broderick property.
Dense non-aqueous phase liquid (DNAPL), often referred to as "sinking
product” or "sinkers", was detected in three wells on the Broderick property
during the Phase Il investigation

The PCP-contam nant plune fromthe inpoundnment area has nigrated off the
Broderick property as far as the BFI-12 well. This well is approximtely
five hundred feet north of the BW site, along Huron Street.

PCP and i sopropyl ether (IPE) contam nati on have been found in the ground
wat er along the eastern site boundary. This contamination is attributed to
a plume migrating onto the BWP site from an adjacent wood-treating facility.
This conclusion is supported by 1) the lack of use of IPE at BWP, 2) |PE was
an inportant part of process operations at the adjacent facility, and 3) PCP
has not been detected in any BWP wel|ls between the eastern boundary and the
process area.

Surface Water and Sedi nent Contam nation. Surface water investigations
reveal ed that contami nants do not |eave the site through surface

wat er pat hways. This is because the perneabl e nature of the surface soi

all ows nost of the surface water to infiltrate, and wood treating conpounds
tend to adhere to surface and subsurface soil particles during infiltration

I nvestigations of surface water in Fisher Ditch (which is used prinarily for
i ndustrial and agricultural purposes) showed that the water flow in Fisher
Ditch recharges the surficial aquifer along nost of the northern boundary of
the BWP property. Therefore, Fisher Ditch is not being inmpacted by

contam nated ground water fromthe BWP site.

Wth the exception of one sanmple, contam nants were not detected in Fisher
Ditch water. |In this one sanple, located at the eastern edge of the BW
site (sanple # 89-45W, PAHs were detected at a concentration of 6.65 ppb
(parts per billion).

El evat ed concentrati ons of PAHs and oil and grease were noted in the Fisher
Ditch bermand sedinents. The source for the PAHs is uncertain since these
PAH contam nants were al so detected in sanples slightly upstream of the BW



site.

Surface water in the seeps due north of the inpoundnents and i nmedi ately
north of Fisher Ditch (see Figure 2) were contaninated with very |low | evels
of PCP. The source may be the contami nant plume in the surficial aquifer
whi ch has nmoved off the BWP property and extends slightly north of Fisher
Ditch. Light-phase PAHs were al so detected in this surface water, in the
ditch berm and in sonme of the sedinents in the bottomof the ditch

Rl Concl usi ons

The final Phase Il R Report was conpl eted on Decenber 20, 1990. The report
concl uded that the highest concentrations of soils contam nated wi th wood-
treating chemcals (creosote and PCP) and their by-products (dioxins and
furans) occur in the inpoundnment and process areas and that only the Fisher
Ditch sedi ment contam nati on has been found off the BW site. A snal

amount of soil in the eastern portion of the BWP site is contam nated with
heavy netals, apparently fromindustrial use of the site prior to its use
for wood treating. Ground water in the surficial and Denver aquifers beneath
the BWP site is contaminated with wood-treating chemcals and their by-
products. The contami nated surficial ground water has noved at |east 500
feet north of Fisher Ditch, which runs along the northern boundary of the
BWP site. In addition, at several |ocations, non-aqueous phase |iquids
(NAPL) were found floating on the water table of the surficial aquifer or
sinking into portions of the Denver aquifer. Rl investigations detected
very small anmounts of PAH and PCP in one of the four wells in the Arapahoe
aqui fer. Approximtely 42,000 gall ons of wood-treating chem cals, fuel oil
cont am nated water, and Freon were found to exist in tanks, druns, and
bui |l di ngs. Asbestos-containing building miterials were also found in sone
of the buil dings and druns.

VI. SUMVARY OF RI SKS

As part of the Phase Ill RI/FS, a comittee, conprised of the EPA Broderick
team and BI C, prepared an Endangernment Assessnent (EA) for the BWP site in
January 1991. This EA was carried out to characterize, in the absence of
renedial action (i.e., the "no-action" alternative), the current and
potential future threats to human health and the environment. Figure 4
provides a glossary of the key risk terns fromthe EA that are used in this
section.

Cont am nants of |nterest

The EA began by conpiling a |list of contam nants fromthe results of the
various sanpling activities that were neasured to be above detection limts
or above natural background levels. The quality of the data was then

eval uated. Chemicals of interest were identified for the inmpoundnent area,
process area, and forner railroad shop area. These chenmicals were sel ected
based on concentrations; toxicity; physical/chenical properties that affect
transport/novenent in air, soil, and water; and preval ence/ persistence in
these nedia. The identified chem cals included the potential contamn nants
of concern for human health and environnental risks at the site.

Exposure Assessnent

Potential mgration of contam nants at the Broderick site occurs from both
the liquid and solid phases. Soils conmprise the solid component and surface
and ground water conprise the |iquid conponent. The mgration pathways for
the contanminants fromthe inpoundnment area, process area, and forner

rail road shop area include



direct contact with contam nants remaining in the soil
| eachi ng from subsurface soils into ground water
mgration in ground water or surface water

rel ease to the air through volatilization and fugitive dust eni ssions;
and

bi oaccunul ating in the food chain at the site.
Hurman i nt ake of contam nants in soil and water at the site could occur
t hrough three routes of exposure: ingestion (i.e., swallow ng), inhalation
(i.e., breathing), and direct contact (i.e., touching). The EA considered
i nhal ation of on-site air, including volatiles or fugitive dust, as one
exposure pathway. The EA al so evaluated the risk associated with ingestion
of, or direct contact with, contam nants in the surface and subsurface soi

and ground water. Potential human receptors considered in the EA for the
t hree exposure pat hways include the follow ng:

Current Land Use Conditions
U On-site Visitors

Of-site Industrial Wrkers
Of-site Residents (Adults, Children and Young Children[*])
<Foot not e>* Children aged 3-15 years, Young Children aged 1-6 years
(ages from EPA gui dance) </ f oot not e>
Of-site Wirkers Maintaining Fisher Ditch
Of-site Users of Fisher Ditch Water
Future Land Use Conditions
On-site Construction Wrkers
On-site Industrial Wrkers
On-site Residents (Adults, Children and Young Children[*]) <Footnote>*

Chil dren aged 3-15 years, Young Children aged 1-6 years (ages from EPA
gui dance) </ f oot not e>

On-site Day Care Children
Of-site Industrial Wrkers

Of-site Residents (Adults, Children and Young Children[*])
<Foot not e>* Children aged 3-15 years, Young Children aged 1-6 years
(ages from EPA gui dance) </ f oot not e>

Of-site Wirkers Maintaining Fisher Ditch
Of-site Users of Fisher Ditch Water

Esti mates of current exposures to contanminants in soil and ground water are
used to estimte whether adverse health effects could occur due to existing
exposure conditions at the site. Estinates of future exposures are used to
eval uate the potential that future adverse health effects may occur and
include a qualitative estinate of the likelihood that such exposure woul d



actual ly occur. The contam nant intake equations used for the EA and val ues
chosen for various intake paraneters are in accordance with the EPA Ri sk
Assessnment Gui dance for Superfund (EPA/ 540/ 1-89/002, 1989). Exposure point
concentrations in contam nated nedia (air, soil, and water) were estinated
using site investigation data in conjunction with mathenmatical nodels.
Details of the intake equations, paranmeters such as |ength of exposure, and
mat henati cal nodels are provided in the EA. |ntake assunptions were then
conbi ned with the exposure point concentrations to estinmate intakes for each
receptor scenario.

As can be seen in the |ist above, the EA considered both residential and
i ndustrial use of the site as viable potential future uses. |In addition
for either of these future uses, a construction worker scenari o was
consi der ed.

Toxicity Assessnent

The purpose of the toxicity assessnment was to wei gh avail abl e evi dence
regardi ng the potential for chenmicals of interest to cause adverse health
effects in exposed individuals and to provide, where possible, an estinmate
of the relationship between the extent of exposure to a chem cal and the

i ncreased |ikelihood or severity of the adverse effect. The toxicity
assessnment consi dered:

types of adverse health effects associated with exposures to chenicals
of interest;

rel ated uncertainties such as the weight of evidence of a particular
chemi cal's carcinogenicity in humans; and

the rel ati onshi p between the magni tude of exposure and the adverse
effects.

The toxicity assessnent for the BWP site was acconplished in two steps:
hazard identification and dose-response assessnment. The first step, hazard
identification, is the process of deterni ning whether exposure to an agent
can cause an increase in the incidence of an adverse health effect. Hazard
identification also involves characterizing the nature and strengthof the
evi dence of causation. The second step, dose-response evaluation, is the
process of quantitatively evaluating the toxicity information and
characterizing the relationship between the dose of the contam nant
adm ni stered or received and the incidence of adverse health effects in the
exposed population. Fromthis quantitative dose-response relationship
toxicity values were derived and used to estimte the incidence of adverse
effects that may occur in humans at different exposure |evels.

Qualitative wei ght-of-evidence classifications illustrate the varying
degrees of confidence in the weight of evidence for carcinogenicity of a

gi ven chem cal. EPA' s weight of evidence classification provides information
whi ch indicates the qualitative |evel of confidence or uncertainty in the
carcinogenicity data obtained fromstudies in humans or experinenta

animals. The carcinogenic potential of a chemical is classified into one of
the foll owi ng groups, according to the wei ght-of-evidence from

epi dem ol ogi cal and ani mal studi es:

Group Description
A Human Car ci nogen.

B Pr obabl e Human Carci nogen



Bl limted evidence of carcinogenicity in humans;

B2 sufficient evidence of carcinogenicity in animals with i nadequate

o | ack of evidence in humans.
C Possi bl e Human Carci nogen - |imted evidence of carcinogenicity in
animal s or |ack of human data.
D Not Classifiable as to Human Carcinogenicity.
E Evi dence of Noncarci nogenicity for Humans.

The summation of the risks associated with all potential carcinogens, which
is done for each eval uated exposure pathway in the EA, nay overestimate risk
by includi ng probabl e human carci nogens (G oup B) with known human
carcinogens (Class A). This conservative estinate of the potentia
carcinogeni c risks prevents any potential underestimtion. Chemicals in
categories C and D are not considered as carcinogens in the EA

Contam nants present in the affected media include PAHs, phenolics,

di oxi ns/furans, volatile organics, and netals. These contam nant groups and
sone individual chem cals are described briefly in the follow ng paragraphs.
For nmore detail ed toxicology infornmation concerning these chenicals, see
Exhibit A or the toxicology profiles for these contanmi nants presented in the
EA.

Pol ynucl ear Aromatic Hydrocarbons. Pol ynucl ear aromati c hydrocarbons (PAHSs)
were detected in contam nated soils, sedinments, and ground water at the
site. PAHs are degraded by phot odeconposition or biodegradation in surface
soils, surface water, and the atnosphere. Generally, PAHs are readily

net abol i zed by nopst plants and animals, and do not tend to bi oaccumul ate.

In water, PAHs may either evaporate, disperse into the water colum, becone
i ncorporated into bottom sedi ment, becone assimlated by aquatic biota, or
experi ence chem cal oxidati on and bi odegradati on

The EA divided the PAHs into two categories:
potentially carcinogenic and
noncar ci nogeni ¢ PAHSs.

If there was any evidence of potential carcinogenicity in aninals, the
conpound was classified as a potential carcinogen. The other conpounds were
cl assified as noncarci nogens. PAH absorption followi ng oral and inhal ation
exposure is inferred fromthe denonstrated toxicity of PAHs follow ng these
routes of administration. PAHs are al so absorbed foll owi ng dermal exposure.
Acute effects fromdirect contact with PAHs and rel ated naterials are
limted primarily to phototoxicity; the primary effect is dermatitis. PAHs
have al so been shown to cause cytotoxicity in rapidly proliferating cells

t hr oughout the body, particularly in the henatopoietic system |ynphoid
system and testes.

Non- neopl astic | esions are seen in animals exposed to the nore potent

carci nogeni ¢ PAHs but only after exposure |evels exceed those required to
elicit a carinogenic response. Carcinogenic PAHs are believed to induce
tunors both at the site of application and systemcally. The chenicals of
interest at the Broderick site include the follow ng PAHs rated by EPA as B2
Pr obabl e Human Carci nogens: carbazole, chrysene, benzo(a)anthracene,
benzo(a) pyrene, benzo(b)fl uorant hene, benzo(k)fl uoranthene, dibenzo(a,h)

ant hracene, indeno(1, 2,3-cda)pyrene. The followi ng PAHs are classified as



Class D (inadequate evidence of carcinogenicity) or are not classified by
EPA: napht hal ene, acenapht hyl ene, acenapht hene, anthracene,
benzo(g, h,i)peryl ene, fluoranthene, fluorene, phenanthrene, and pyrene.

Acid Extractable Organics. The acid extractable fam |y of phenol conpounds
have been found in the soils and ground water in the inpoundment and process
areas. The primary phenol present on the site is pentachl orophenol, also
known as penta or PCP. PCP is noderately soluble in water and readily
degrades by microbial, chenmical and photochem cal processes. PCP has al so
been shown to bioaccunmulate in fish and other organisns. PCP and 2,4, 6-
trichl orophenol are classified as B2 - Probabl e Human Carci nogens. O-creso
(2-met hyl phenol) is classified as a C - Possi ble Human Carci nogen. Cass D
- I nadequat e Evidence of Carcinogenicity - includes 4-nethyl phenol and
phenol. Oher acid extractables are found at the site that are not rated by
EPA, including 2-chl orophenol, 2,4dichlorophenol, and 2,4,5-trichl orophenol

Di oxi ns and Furans. |soners of dioxins/furans have been detected in the
soi|l and ground water at the Broderick site. However, only the heavier

i somers of the dioxins/furans, such as penta, hexa, hepta and octa,

wer edet ected. These compounds degrade very slowly by dechlorination

bi odegradati on, and phot odegradati on. The nost potent isonmer, 2,3,7,8
tetrachl oro di benzodioxin (2,3,7,8 TCDD), has never been found in creosote
or PCP nanufactured in the U S (EPA 1991) and was not detected in any
nmedi um at the BWP site. TCDD has been classified by EPA as a B2 - Probable
Human Car ci nogen. Concentrations of the |less potent isonmers nust be
multiplied by certain toxicity equival ency factors to express their relative
ri sk conpared to 2,3,7,8 TCDD. These equival ency factors are found in
Exhi bit A

Vol atil e Organi ¢ Conpounds. Benzene, xylenes, toluene, and ethyl benzene
were found in small quantities in several areas of the site. These
conpounds, conponents of nbst petrol eum hydrocarbon fuels, are |l ess nohile
in the ground water than in soil. Mgration nmay be inhibited by
preferential adsorption to the soil matrix as well as by biol ogica
degradati on of adsorbed and di ssol ved residues. Benzene is classified as a
Class A carcinogen - Human Carci nogen - which is readily absorbed through
both oral and inhalation routes. The toxic effects of benzene in humans and
other animals include central nervous systemeffects, hematol ogical effects,
and i mmune system depression. EPA has classified nmethylene chloride,
trichloroethene (TCE), and trichloroethylene as B2 - Probabl e Human

Carci nogens. EPA has classified tetrachl oroethylene as a G oup C - Possible
Human Carci nogen. Tol uene, ethyl benzene and xyl ene are categorized as C ass
D.

Metals. Potentially toxic netals have been detected in the soils near the

| ong-denol i shed engi ne house area. Concentrations of these netals are
relatively I ow and these netals are not generally very nobile in the type of
environnent found at the BWP site. The metals of concern at the site

i ncl ude arsenic, cadmum lead, and zinc. Arsenic is classified by EPA as
an A - Human Carcinogen, based on sufficient evidence that arsenic conmpounds
areskin and | ung carcinogens in humans. Cadmumis classified as a Bl

Pr obabl e Human Carci nogen, based on evi dence of lung cancer in snelter

wor kers. Lead and nobst | ead conpounds are classified as B2 - Probabl e Human
Carci nogens, resulting fromsufficient evidence of carcinogenicity in

ani mal s and i nadequat e evidence of carcinogenicity in humans. Zinc is
categorized as Class D

Quantitative Indices of Toxicity

For carcinogens, the dose response relationship is expressed by cancer slope
factors (CSF). These CSFs reflect a linear relationship between dose and



cancer risk. These CSFs al so assune that any exposure to a potentia

car ci nogen poses a neasurable risk above zero. Uncertainties in estimating
cancer slope factors are conpensated for by using the upper 95% confidence
limt on the slope of the Iine relating dose to risk, which is estinmated
usi ng nmat hemati cal nodel s which extrapolate from hi gh experinental doses on
| aboratory aninmals to the I ow | evel s of exposure anticipated for hunans.

The slope factor is characterized as an upper-bound estimate for a specific
chem cal, while the doseresponse assunptions used in the EA provide a rough
but plausible estinate of the upper limt of the risk of cancer to hunmans at
the Broderick site.

For both carci nogens and non-carci nogens, a chronic reference dose (RfD) is
an estinate of the daily exposure to the human popul ation (including
sensitive subgroups) that is likely to occur without an appreciable risk of
har nful non-carcinogenic effects during a person's lifetine. Uncertainty
factors are used in calculating the RfD, which reflect scientific judgenent
regardi ng the various types of data used to estinmate the RfD

The oral and inhalation quantitative indices of toxicity for the

contam nants of interest are sunmarized in Table 2. The table summarizes
the RfFD and CSFs, where avail able, for each contaminant. Several conpounds,
i ncl udi ng acenapht hyl ene, phenanthrene, and | ead do not have
quantitativetoxicity indices available. 1In accordance with the Risk
Assessnment Gui dance (EPA, 1989), these compounds were eval uated on a
qualitative basis. The EPA interimguidance on establishing soil cleanup
levels for |ead was used in the EA

Ri sk Characterization

The EA eval uated the potential noncarcinogenic and carci nogenic risks posed
by the contaminants in the various environnmental nedia (i.e., soil, ground
water, etc.) at the Broderick site. Carcinogenic risk is presented as a
probability value (i.e., the excess chance of contracting cancer over a
lifetine).

Carci nogeni ¢ Risk. Carcinogenic risk was estinmated by nmultiplying the

cal cul ated intake of a contaninant by its CSF. A summary of the
carcinogenic effects for the nost inpacted future use scenarios is provided
in Table 4. (The EA presents a conplete, detailed analysis for all future
use scenarios and potential receptors at the site.) Based on this sumary,
the total carcinogenic risk for the various scenarios ranges from10[-2] to
10[-8] for ground water, 10[-3] to 10[-12] for surface soils, and 10[-5] to
10[ -12] for subsurface soils. The carcinogenic risk for many of the
scenari os exceeds the 10[-4] to 10[-6] risk range specified in the NCP

Ri sk val ues cal cul ated for ingestion and direct contact exposure pathways
for the on-site surficial ground water are higher than risk values that were
cal cul ated for any other affected environnental nedium Therefore, using

t hese values fromthe EA, the FS recomended the renedi ati on of organics-
and met al s-contam nated surface and subsurface soils on the Broderick
property and surficial aquifer ground water on and off the Broderick

property.

Non- Car ci nogenic Risk. The ratio of estinmated intake to the chronic RfD was
conputed for each contam nant and the sumof the resulting ratios (referred
to as hazard quotients) of each chenical of interest give the chronic (or
noncar ci nogeni ¢c) hazard i ndex for each pathway. Chronic hazardi ndi ces were
cal cul ated for each exposure pathway of concern in each

scenario. Chronic Hazard Indices are shown in Table 5 for the two nost
i npact ed popul ations. Results indicated that sone chronic hazard i ndices do
exceed unity; therefore, EPA believes that there is a noncarcinogenic public



health threat associated with soils and ground water on the Broderick
property, based on the scenarios used in the EA

Envi ronnment al Ri sks

The NCP requires that the EA evaluate potential threats to both human health
and the environnent. In the environnental risk analysis prepared as part of
the EA, no endangered or econonically inportant species and no critica
habitats were identified at or near the Broderick site. The ecosystemtypes
that were identified as potentially exposed in the EA are freshwater aquatic
and terrestrial organisns. The EA evaluated direct contact such as dernal
contact and ingestion of contam nated nedia, and indirect exposure by

i ngesti on of contani nated organi sns and bi oaccunul ati on of contam nants up
the food chain as the primary environnental exposure pathways.

The areas along Fisher Ditch and the Terrace area were identified in the EA
as potential ecological receptors. Leaching to ground water and the
subsequent ground water mgration and di scharge to seeps off the Broderick
property is the probable mgration pathway for the PAH contam nants found in
t hese areas.

The i mpoundnents, which contai ned PAHs and PCP, were determ ned to have been
a primary contam nant source area. However, the renbval and storage of the
i mpoundnent sludges as part of the QU 1 interimaction has reduced the
primary environnental risk fromthe inpoundments. The renoval of the

sl udges for off-site recycling during the QU 1 RA should conpletely
elimnate this environnental risk. Mgration of contanmi nants from nedia

al ready affected by the inpoundnments continues to be a minor concern

al t hough risks are in the acceptable range for all contam nants except sone
PAH contam nation in Fisher Ditch sedinments (for further discussion and maps
showi ng the | ocations of these sedinents, see the June 28, 1991 Feasibility
Study). For this reason, sone Fisher Ditch sedinents will need to be
excavated and treated to mtigate this environnental risk.

Concl usi ons fromthe Endanger nent Assessment

Actual or threatened rel eases of hazardous wastes fromthis site, if not
addressed by inplementing the response action selected in this ROD, may
present an i mr nent and substantial endangernent to public health, welfare,
or the environment.

As discussed in the sections on Risk Characterization, there are severa
environnental nmedia for which the risk to prinmary inpacted popul ations
exceeds the 10[-4] to 10[-6] risk range. These include inhalation and

i ngestion of soils and ingestion of ground water by on-site resident young
children, industrial workers, and construction workers. The chemnicals of
probabl e concern for the inpoundnent and process areas include PAHs, PCP

di oxi ns and furans, and, in the engi ne house area, toxic heavy netals, such
as arsenic, cadmum lead, and zinc. For this reason, the Feasibility Study
(FS), which followed the Endangernment Assessnent, evaluated the |location and
gquantities of contamnated materials on the Broderick site.

As stated in the Environnental Risks section, sone PAH contam nation al so
exists in Fisher Ditch sedinments. For this reason, some Fisher Ditch
sediments will also need to be excavated and treated to nitigate this
environnental risk. This treatnent was al so evaluated in the FS.

As one step in the evaluation of potential carcinogenic health effects, a
"focused risk assessment” was included in the EA. The focused risk
assessment estinmated risks for the highest risk popul ati ons associated with
potential exposure to "hot spots”. These hot spots represent discrete areas



of high contamination in each of the five areas of the site shown on Figure
2 for soils and each of the three aquifers shown on Figure 3 for ground

wat er. The nigration pathways included on-site surface soil, on-site
subsurface soil, on-site ground water, and off-site ground water. This
focused assessnent represents the highest exposure possible fromthe
Ccontam nation within the Broderick site. Results of the focused assessnen
specifically for nmedia in the inmpoundnent area, process and drip track area,
railroad shop, storage area, and | ow use area are provided in Table 3.

VI1. DESCRIPTI ON OF ALTERNATI VES

A feasibility study was conducted to devel op and eval uate renedi a
alternatives for QU 2 at the BWP site. The final Phase IIl feasibility
study (FS) for QU 2 was conpl eted on June 28, 1991, and an Addendumto this
FS was conmpleted on July 11, 1991.

Rermedi al alternatives for each contanmi nated nedia were assenbled from
appl i cabl e renedi al process technol ogy options and were screened for

ef fectiveness, inplenentability, and cost. The FS identified three renedia
alternatives for soils/sedinments contam nated with organics, three renedia
alternatives for the contam nated surficial ground water, and one renedi a
alternative each for netal s-contam nated soil, Denver aquifer ground water
Ar apahoe aqui fer ground water, and buil dings, vessels and their contents
whi ch passed this initial screening.

The alternatives passing the initial screening were then evaluated in detai
based on the nine criteria required by the NCP. For purposes of the
detail ed analysis, the FS conbined the renedial alternatives for each nedia
into conbinations of detailed alternatives so that all contam nated nedi a
were addressed by each detailed alternative. This resulted in nine detailed
alternatives, that is, three soil/sedinments renmedial alternatives tines
three surficial ground water renedial alternatives plus "conmon el enents".
The "conmmon el enents” were nade up of the renedial alternatives for the
nmedi a which had a single renedial alternative at the conclusion of the
screening stage of the FS. In addition, the FS considered a no-action
alternative in the detailed analysis. The NCP requires that a no-action
alternative be included to provide a baseline for conparison of the other
alternatives. Therefore, 10 detailed alternatives were analyzed in the FS.
Thi s sanme breakdown of alternatives was used in the Proposed Pl an

In order to sinmplify the analysis for this ROD, EPA has decided to alter the

approach used in the FS and Proposed Plan. |Instead of conbining the
renedial alternatives for each najor nedia into detailed alternatives, the
renedial alternatives for each nedia will be presented and anal yzed

separately. The three nmmjor media groups are soils and sedinents, ground
wat er, and buil dings, vessels, and their contents. The discussions will
present renedial alternatives for each nedia as well as the comon el enents
for that nmedia. The chosen renedial alternatives for each media will then
be conbined in Section I X, below, to provide the final site renedy. Table 6
has been included to provide a |ink between the di scussion bel ow and the

di scussion of detailed alternatives in the FS and the Proposed Pl an

The renedial alternatives for soils and sedinments are described first,
ground water renedial alternatives are described second, and renedi a
alternatives for building, vessels, and their contents are described third.

Rermedi al Alternatives for Soils and Sedi nents
Two distinct groups of contami nated soils were discovered at the site. The

first group is the organics-contam nated soils and sedi ments. O ganics-
contam nated soils and sedi ments nake up the vast mpjority of the



contam nated soils at the site. The second group is the heavy netal s-
contam nated soils. The screening and detail ed anal ysis of renedia
alternatives in the FSresulted in the identification of three renedia
alternatives for the organi cs-contam nated soils and sedi nents. Two of the
four renmedial alternatives below, Alternative 2, Thernal Desorption, and

Al ternative 4, Ex-Situ Biorenediation, were analyzed in detail under two
different action levels, i.e., 10[-4] and 10[-5]. No alternatives were
anal yzed in detail for the 10[-6] action level. Technol ogies that could
reach the 10[-6] action |l evel were determined not to be cost effective
during the FS screening. Under the 10[-4] action level, contam nated soils
woul d be excavated such that residual cancer risks in the unexcavated soils
woul d be at or below the 10[4] level. Under the 10[-5] action |eve

contam nated soils would be excavated such that residual cancer risks in the
unexcavated soils would be at or below the 10[-5] |evel. Thus, the volune
of soils excavated under 10[-5] would be greater than under 10[-4]. To
sinmplify the description and conparison of alternatives, alternatives are
presented only in this and the foll ow ng section assunming a 10[-5] action

| evel. For a detailed analysis and conparison of the two action |evels,

pl ease refer to Section Xl bel ow.

EPA has deternined, for the followi ng reasons, that an action |evel for
soi |l s based on an industrial use scenario is appropriate for this site. The
i ndustrial use scenario is appropriate because the present |and uses in the

vicinity of the site are predonm nantly industrial and commercial. Industria
and commercial |and uses have dom nated the area around the site for the
last 40 to 50 years. It is reasonable to assunme that such uses wll

continue into the foreseeable future.

Table 7 lists the renedial alternatives considered for the organics-
contam nated soils and sedi nents.

Screening in the FS left only one renedial alternative for the heavy

net al s-contam nated soils. This single renedial alternative is included as
a common el ement of each of the soil/sediment alternatives described bel ow
(except no-action). Table 7 also presents a sunmary of the vol ume of
contam nated nmaterial to be treated by each alternative, the present val ue
costs, and period of treatnment for each soils and sedi nents renedia
alternative. Each alternative below contains a brief analysis of ARARs. Al
ARARs anal yzed for the site can be found in the FS

Soils and Sedinents Alternative #1 - No-Action. |In this alternative, an
anal ysis of which is required by the NCP, no action would be taken to
contain or treat the contami nated soils and sedinments at the site. However,
the conpletion of the QU 1 interimaction would not be inpacted by this
alternative. The site was fenced and the inpoundnent sludges have been
isolated in lined storage cells under the QU 1 ROD Anendnent. These sl udges
woul d still be transported fromthe site to an off-site recycling facility
under QU 1.

Because contaninated soils would remain in place and woul d contribute to
ground water contam nation, a no-action alternative would present |ongterm
health risks both on and off the property. Short and |long-termhealth risks
woul d be present in exposure scenarios involving |and devel opnment and/ or

i ndustrial and construction activity. Leaching of contaminants into the
under|yi ng ground water would continue to present an environnental threat.
Costs required to inmplement and maintain this alternative are assuned to be
zero.

Soils and Sedi nents Alternative #2 - Thermal Desorption. In this
alternative organi cs-contam nated soils and sedi ments woul d be excavated
oversized materials renopved, and the soils nobved to an on-site therma



desorption unit. The thernal desorption process would involve batch process
heating of the contam nated soil to a tenperature between 300 and 800 F, in
order to drive the PAHs, PCP and Di oxi ns/Furans out of the soil. The vapors
woul d either be condensed and recycled or sent into an afterburner unit that
destroys the contam nants.

Approxi mately 120 cubic yards of organi cs-contam nated sedi nents from Fi sher
Ditch woul d be excavated and treated to renove water. After renoval of

wat er these sedi nents would be noved to the thernmal desorption unit for
treatnment, along with the soils.

If the condenser were used, recovered PAHs and PCP would be transported to
an off-site reclamation facility. Production and transportation of these
hazar dous wastes woul d be carried out in conmpliance with RCRA regul ations.

Afterburner gases would be released into the atnosphere. These air

em ssions woul d be controlled to conply with any Federal or State air
quality regulations identified as ARARs. During excavation of the soi
before treatnment, appropriate nmeasures woul d be taken to control fugitive
dust and to assure conpliance with provisions of the Colorado Air Quality
Control Act identified as ARARs.

A wide variety of organic constituents are anenable to treatnent by thernal
desorption. Desorption efficiencies for specific constituents nmay vary as a
function of constituent vapor pressure, residence time, and treatnment
tenperature. Renpval efficiencies of 25 to 98 percent have been observed
for PAHs and renpval s of 99.9 percent have been observed for volatile
organi ¢ constituents such as benzene, toluene, and xyl enes. For

Di oxi ns/ Furans, renoval efficiencies greater than 90% have been observed.
Fiel d denponstration tests and full scale operational data indicate that wel
-operated thermal desorption systens can exceed the RCRA standards for
hazardous waste incinerators and the treated waste can be sufficiently
detoxified to enable it to be delisted.

After each batch of soil and sedinent is heated, the treated soils/sedinments
woul d be renoved fromthe unit and either placed in an on-site |andfil
constructed to neet all ARARs or transported to an off-site, permtted RCRA
landfill. Landfilling of contanmi nated soils after treatment in the
desorption unit would trigger the RCRA LDR standards for KOOl wastes. The
LDR requirements would be net through a Soil and Debris Treatability
Variance. The Treatability Variance treatnent |evel ranges or percent
reducti on ranges that thernal desorption would achieve for the constituents
are:

K001 Constituents Treatnent Levels
Napht hal ene 95- 99% Reducti on
Pent achl or ophenol 90- 99% Reducti on
Phenant hr ene 95- 99% Reducti on
Pyrene 95- 99% Reducti on
Tol uene .5-10 ppm

Xyl enes (Total) .5-10 ppm

Lead 99- 99. 9% Reduct i on

Conmunity acceptability may be a significant issue with regard to thernal
desorption of soil containing hazardous waste. Sone opposition to

i ncineration was expressed during the public conment period for Operable
Unit 1 (renoval/treatnent/disposition of the inmpoundnent sludges). It would
be expected that sinmilar opposition would be expressed for an on-site

t hermal desorption unit.



Desi gn and construction of the thernmal desorption unit would require one
year. Foll ow ng construction, the organics contam nated soil and sedi nent
woul d be treated and | andfilled over a seven-year period. Soil volunes for
this option would be 59,000 cubic yards. The costs for this option would
range from$31.8 mllion for on-site landfilling to $44.0 mllion for off-
site landfilling. The cost for the excavation and dewatering of the Fisher
Ditch sedinments is estinmated at $7, 400.

This alternative would not be protective for residential uses of the
property. Therefore, exposure and access to organics-contani nated soils
remai ning after treatnent and to the treated soil landfilled on the property
woul d be controlled by the use of deed restrictions or other institutiona
controls to prohibit non-industrial uses of the site. The cost to apply
these restrictions is not currently known.

In addition to the organics contam nated soil and sedi nent, approxinmately
800 cubic yards of soils contam nated with heavy netals above RCRA Toxicity
Characteristic levels would be treated. This soil would undergo chemica
fixation using such stabilization conpounds as cenent or fly ash to forma
chem cally and nechanically stable material. Treatability studies would be
conducted to determ ne the best stabilization conpound for the wastes at the
site.

The net al s-contani nated soils would be excavated and then nmixed with water
and the fixation agents. The resultant product would be poured into forns.
Once the material was solidified, the solid blocks would be renpved fromthe
fornms and allowed to cure. After the blocks had cured, they would be
transported to an off-site, RCRA Subtitle D-permitted |landfill for disposal
LDR standards would apply to this action. The potential heavy nmetals found
at the BWP site which have LDR treatnent standards are arsenic (D004),
cadm um (D0O06) and |lead (D0O08). To neet the LDR standards, it would have to
be shown that the stabilized soil was bel ow Toxicity Characteristic |evels
for these netals. The cost for stabilization and transportation is

approxi mately $317, 200.

The former sludge inpoundments are RCRA interimstatus units. As such these
i mpoundnents nust be closed in conpliance with RCRA interim status

regul ations found in 40 CFR 265. The cost for this closure is estimated to
be $283,400 (see Table 7). The total present worth cost, including capita
and O&M costs, would be approxi mately $32,388,000. This alternative would
be nmonitored continuously during operation. Because hazardous substances
woul d be left on site above |evels which would allow unlinited use and
unrestricted exposure, the protectiveness of the remedy woul d be revi ewed at
| east every five years as required by CERCLA.

Soils and Sedinents Alternative 3 - In-Situ Biorenediation. This soi
renmedi ati on technol ogy woul d i nvol ve renoving the oversi zed rocks fromthe
natural, in-place soils. Then the soil would be periodically plowed and/or
di sced, fertilized, and irrigated using common farminplenments. This
process, commonly called "land farm ng", is done in order to maintain the
noi sture, nutrients, and aeration required to pronote rapid growh of soi
bacteria. These mcroscopic bacteria occur naturally in the soil at the site
and grow usi ng hydrocarbon contam nants as a "food" source. The ultimte
goal of this process would be to break contam nants down into sinpler, |ess
toxic materials, such as sinpler, non-chlorinated hydrocarbon conpounds,
then to organic carbon and water. The renmedy woul d be desi gned, operated,
and cl osed in conpliance with RCRA | and treatment requirenents.

Approxi mately 120 cubic yards of organi cs-contam nated sedi nents from Fi sher
Ditch woul d be excavated and treated to renove water. After renoval of
wat er, these sedinents would be spread within the area to be Iand farmed for



treatment. No LDRs apply to placement of these sedi nents because the |eve
of contanination is al ready bel ow LDR standards.

Dependi ng on the perneability of the subsoils, the | eachate fromthe

"farm ng" process may drive the contam nati on downward toward the water
table through infiltration and percolation prior to conplete bi odegradation
RCRA | and treatnent regulations, identified as ARARs for this alternative,
woul d require a nonitoring programto detect mgration of contani nants.
This nmonitoring systemnmay include |ysinmeters at the base of the treatnent
zone, or "zone of incorporation” to collect soil pore liquid, which together
with soil cores taken at random | ocations, would be periodically collected
and anal yzed to determi ne renoval efficiency and contam nant level. In
addition, nmonitoring wells |ocated upgradi ent and downgradi ent of the |and
farm ng area woul d be sanpled periodically to determ ne the potential for

m gration of |eachate.

Bi odegradati on of organic wood-treating wastes in a soils matrix has proven
ef fective at hazardous waste | ocations throughout the country. Although
fewer data are available for In-Situ Biorenediation at wood-treating sites
than for Ex-Situ Biorenediation, the treatment processes are simlar and
InSitu Biorenedi ati on has been successfully applied to renedi ation of fue
spills and other volatile organic conpounds. At the Brainerd site in

M nnesota, renoval rates for total PAH have ranged from70%to 90% The
major limting factor is that In-Situ Biorenmedi ati on woul d not be feasible
for treatnent of subsurface soils since the maxi numtreatnment depth is 12 to
24 inches with an optimal depth of 12 inches or |ess.

LDR standards do not apply to In-situ Biorenediation (in-place |and farm ng)
of the organics-contam nated soils and sedi nents because pl acenent does not
occur. It is expected that sone KOOl contaminated soils in the inpoundnment
area woul d be noved in preparing the area for land farnmi ng. However, this
woul d not trigger LDRs. The inpoundnent area is considered by EPA to be
anarea of contami nation (AOC). Movenent of wastes within the ACC to prepare
for land treatnent is, by definition, not placenent.

The I and farm ng process woul d extend over a seven-year period (see Table
7). This alternative would be nonitored continuously during operation
Because hazardous substances would be left on site above |evels which would
allow unlimted use and unrestricted exposure, the protectiveness of the
renmedy woul d be reviewed at | east every five years as required by CERCLA.
The volunme to be treated is expected to be approxi mately 48,000 cubic yards.
The costs for this option are estimated at $2.4 nillion

The renedy proposed in this alternative would not be protective for
residential uses of the property. Therefore, exposure and access to

organi cscontami nated soils, both treated and untreated, would be controlled
by the use of deed restrictions or other institutional controls to prohibit
future non-industrial uses of the property. The cost to apply these
restrictions is not currently known.

Met al s-contam nated soils would be renedi ated as provi ded above in
Alternative 2. The costs for treating these soils are shown in Table 7.

The former sludge inpoundments are RCRA interimstatus units. Since In-Situ
Bi orenedi ati on would only treat contam nants in the top 12 to 24 inches, it
is certain that waste residuals would be left in place. Therefore, RCRA
interimstatus requirements for closure with wastes in place are ARARs for
this alternative. As such, these inpoundments nmust be closed in conpliance
with RCRA interimstatus regulations found in 40 CFR 265. The cost for this
closure is estimted at $283,400 (see Table 7). The total present val ue
cost for this renedial alternative, including capital and O&M costs, would



be approxi mately $3, 039, 000.

Soils and Sedinents Alternative #4 - Ex-Situ Biorenediation. Thisis EPA s
preferred alternative for treatnent of soils and sedinments. This soi
renmedi ati on technol ogy woul d i nvol ve excavation and on-site biol ogica
treatment of organics-contam nated soils and sedinents in a "l and-treatnent
unit" (LTU). This LTU woul d be constructed by buil ding earthen berns around
the unit, then placing a synthetic liner and | eachate collection and
recovery systemand a conpacted filter naterial over the liner. The
renmedi ati on process woul d include excavating the soil, separating the
oversi zed rocks, and noving the soil to the LTU  Once placed into the LTU,
the soils would be land farmed as in Alternative #3, above. The RCRA | and
treatment requirenents, Subpart M 40 CFR 264.270 to 264.283 are applicable
to this alternative. The LTU would be desi gned, operated, and closed in
conpliance with these regulations. EPA is including, as extra protective
neasures, the liner and | eachate collection systemas well as closure with a
nmulti-1layered cap

Approxi mately 120 cubic yards of organi cs-contam nated sedi nents from Fi sher
Ditch woul d be excavated and treated to renove water. After renoval of

wat er, these sedinents would be placed in the LTUto be land farnmed for
treatment. No LDRs apply to placenment of these sedinents because the |eve
of contamination is already bel ow LDR st andar ds.

Unlike Alternative #3, In-Situ Biorenediation, the | eachate fromthis
process woul d be isolated fromthe site subsoils by the liner and collected,
treated, and reused in the treatnent process. As in Alternative 3,
lysimeters may be used below the liner to collect soil pore liquid, which
together with soil cores taken at random | ocations within the |and treatnent
unit soils, would be periodically collected and anal yzed to determ ne
renoval efficiency and contam nant levels. Mnitoring would be conducted in
accordance with the requirenents of the land treatment regul ati ons and the
general RCRA nonitoring requirements of 40 CFR 264, Subpart F. This process
woul d becapabl e of treating contam nated subsoils, as well as the upper 12

i nches of surface soil

Bench-scal e tests conducted for the Broderick site (R, 1990) have indicated
that biorenediation is a viable approach, especially for reduci ng PAH
concentrations. Renoval efficiencies of 98% for PAHs, 70% for PCP, and 100%
for volatile organic conpounds were denonstrated for the Broderick soils.
Recent studi es by the USDA Wod Products Laboratory in Wsconsin have shown
degradati on of greater than 90% for PCP. Successful |and treatment was
denonstrated at the Koppers Feather River site in California, with renova

of some of the heavy dioxin/furan conpounds to | evels exceedi ng 90% (FS,
1991, Appendix C). |In addition, at a site in Libby, Mntana, which is very
simlar to the Broderick site, a full-scale LTU has been pilot tested and is
currently operational. Finally, pilot studies of the land treatment unit

wi Il be conducted at the Broderick site at the initial stages of the RA
phase to better define renoval rates and efficiencies and to optinize the
addition of nutrients and water.

Excavati on and pl acenent of the contam nated soils into the LTU woul d
trigger the RCRA LDR standards for the KOOl wastes fromthe inpoundnments.
These LDR treat nent standards would not be nmet at the time of placenent in
the LTU. Therefore, EPA would invoke a tenporary waiver of the LDR treatnent
standards through an interimaction waiver. At the conpletion of the
renmedi al action, the LDR requirenents would be nmet through the Soil and
Debris Treatability Variance.

The Treatability Variance treatnent |evel ranges and percent reduction
ranges that Ex-situ Biorenediation would attain for the constituents are:



KOO1 Constituents Treat nent Level s

Napht hal ene 95- 99% Reducti on
Pent achl or ophenol 90- 99% Reducti on
Phenant hr ene 95- 99% Reducti on
Pyrene 95- 99% Reducti on
Tol uene 0.5-10 ppm

Xyl enes (Total) 0.5-10 ppm

Lead 99- 99. 9% Reduct i on

The treated soil would remain in the LTU followi ng treatnment and the LTU
woul d be closed in accordance with the RCRA | and treatnent requirenents and
general RCRA cl osure requirenents.

The renedy proposed in this alternative would not be protective for
residential uses of the property. Therefore, exposure and access to

organi cscontam nated soils, both treated and untreated, would be controlled
by the use of deed restrictions or other institutional controls to prohibit
noni ndustrial uses of the site. The cost to apply these restrictions is not
currently known.

The treatnent process woul d extend over a seven-year period. This
alternative would be nonitored continuously during operation. Because
hazardous substances above heal t h-based | evels would be left on the
property, the protectiveness of the remedy woul d be reviewed at |east every
five years as required by CERCLA. The volune to be treated is expected to be
approxi mately 59, 000 cubic yards. The estinmated costs for this option are
$3.9 mllion (see Table 7).

Met al s-contam nated soils would be renmedi ated as provided in Alternative # 2
and #3, above. The costs for this remediation are shown in Table 7.

The former sludge inpoundments are RCRA interimstatus units. Although with
Ex-Situ Bi oremedi ation contami nants in the subsurface soils would be
excavated and treated, it is still expected that waste residuals would be
left in place in the inmpoundnent area after treatnent. Therefore, RCRA
interimstatus requirements for closure with wastes in place are ARARs for
this alternative. As such, these inmpoundnents nust be closed in conpliance
with RCRA interimstatus regulations found in 40 CFR 265.228 and Subpart G
of 40 CFR 265. The cost for this closure is estinmated at $283,400 (see
Table 7). The total present value cost for this remedial alternative,

i ncludi ng capital and O&\costs, woul d be approxi mately $4, 493, 000.

Rermedi al Alternatives for the G ound Water

Three distinct aquifers were identified under the site. These are the
surficial aquifer, the Denver aquifer, and the Arapahoe aquifer. Only the
surficial and Denver aquifers were found to have contamni nants above | evels
of concern. The screening of renmedial alternatives in the FSresulted in
the identification of three alternatives for the surficial aquifer and one
alternative for the Denver aquifer. Table 8 lists the ground water
alternatives for the surficial aquifer. The single alternative for the
Denver aquifer is included as a common el ement of each of the surficia
aquifer alternatives described below. Table 8 also presents a sunmary of
the present worth costs for each of the renedial alternatives. Each
alternative below presents a brief analysis of ARARs. A list of all ARARs
anal yzed for the site can be found in the FS

Ground Water Alternative #1 - No-Action. |In this alternative, an anal ysis
of which is required by the NCP, no action would be taken to contain or



treat the contam nated surficial ground water at the site. However, the
conpletion of the QU 1 interimaction would not be inpacted by this
alternative. The site was fenced and the inpoundnent sludges have been
isolated in lined storage cells under the QU 1 ROD Anendnent. These sl udges
woul d still be transported fromthe site to an off-site recycling facility
under QU 1.

Because ground water contanination would remain untreated on the property
and could continue to mgrate off the property, a no-action alternative
woul d present long-termhealth risks both on and off the property. Leaching
of contaminants into the surficial ground water and continued m gration of
surficial contam nation both off the property and into the underlying Denver
aqui fer would also continue to present an environnmental threat. Chem cal -
specific ARARs would not be net for either the surficial or Denver aquifers
and any reduction in toxicity, mobility, or volume of the contani nation
woul d occur only very slowy (hundreds to nillions of years) due to natura
degradation. Costs required to inplement and naintain this alternative are
assumed to be zero

Ground Water Alternative #2 - Mnitoring/Institutional Controls. In this
alternative, ground water nonitoring would be conducted periodically for a
mnimumof thirty years in all three aquifers at wells on and off the
property to assess ground water quality and migration of contam nants. The
specific details of this nmonitoring program woul d be devel oped during
renmedi al design. However, it has been assunmed for estinmating costs that
approxi nately 15 nonitoring wells would be utilized for this purpose.
Sanpl es of water fromthese wells would be collected at regular intervals.
Laboratory neasured contam nant concentrations fromthese sanples would be
used to update the prediction of mgration patterns and i npacts on wel
owners north of the property. The chem cal paraneters to be nonitored

i nclude total carcinogenic PAHs, pentachl orophenol, and dioxins and furans.

EPA has deternined that it is technically inmpracticable to actively

renedi ate the Denver aquifer due to its hydrogeol ogic characteristics. The
Denver aquifer under the Broderick property is nmade up of small |enses of
per meabl e sandstones interbedded i n near-inperneabl e cl aystone which
significantly Iimts the ability to punp and treat the contam nated ground
water. Due to the small areal extent of the perneable |enses, the

contam nated ground water is believed to be confined to within a few hundred
feet of the inmpoundnents. Consequently, institutional controls and

noni toring would be required for the Denver aquifer. Federal and state
ground wat er standards identified as ARARs would not be net for the Denver
aqui fer. These ARARs woul d need to be waived for the Denver aquifer due to
technical inpracticability. If newinformation indicates that it is not
technically inpracticable to treat the Denver aquifer under the Broderick
property, or if nmonitoring or other information shows that the renedy is not
protective, EPA will reconsider the remedy chosen for this aquifer.

In addition, the ground water in the Arapahoe aquifer would be nonitored to
determ ne the | evel of contamination. This investigation would include the
installation of new nonitoring wells, conpletion of a constant di scharge
aqui fer test, sanpling the new and exi sting Arapahoe wells, and anal yzi ng
the sanples in a laboratory. |If contam nation is found, the aquifer would
continue to be nonitored and appropriate neasures woul d be taken

Institutional controls would be applied to the future use of the ground
water. Institutional controls mght include deed restrictions, covenants, or
acquisition of property rights. Deed restrictions could be placed on future
uses of ground water on the Broderick property by the current owner to
control access to the contaminated water in the surficial and Denver
aquifers. In fact, the owners of the Broderick site have indicated that



t hey woul d cooperate with placing deed restrictions or covenants on the
property. However, placenment of deed restrictions or other institutiona
controls outside of the BWP property are uncertain because the cooperation
and assistance of offproperty owners would be necessary. This is due to the
fact that no specific state or |ocal governnent agency regul ations are
currently available to preclude the use of ground water that is off the BWP
property. Despite the placenent of deed restrictions or other institutiona
controls on the property and notifications to appropriate agencies and the
public, it is conceivable that present or future property owners nay devel op
and use contam nated ground water. Therefore, the long-termeffectiveness of
institutional controls al one woul d be questionabl e.

The potential reduction in toxicity, nobility, and vol une ofcontam nants in
this alternative are the same as those in the No-Action alternative. Short-
and long-termhealth effects would al so be the sane as in the No-Action
alternative. Federal and state ground water standards identified as ARARs
woul d not be net under this alternative in the surficial aquifer. These
ARARs coul d not be waived for the surficial aquifer since EPA has determ ned
that there are technol ogi es avail abl e that woul d clean the aquifer to ARARs
within a reasonable tine.

The estimated cost for a periodic nonitoring programover a 30-year period
is approxi mately $685, 000, as shown in Table 8. The cost for the Arapahoe
aqui fer testing would be approxi mately $126,000. No costs have been
currently calculated for institutional controls, so the purchase of wells or
water rights outside the BW property would constitute an additional cost
item The total present value cost for this alternative, which includes
capital and O&M costs, would be approxi mately $812,000. Since contam nated
ground water would renmain on the site, five-year reviews would be conducted
as required by CERCLA

G ound Water Alternative #3 - Ex-Situ Biorenediation. This alternative
woul d i nvol ve collection of 526 nmillion gallons of ground water and |ight
non- aqueous phase liquids (LNAPL) fromthe surficial aquifer in a series of
subsurface drain trenches on the BWP property and a recovery well off the
property. These trenches would be | ocated in the areas of highest ground
wat er contani nation and woul d extend to sufficient depth to intersect the
unweat hered Denver Formation. This depth may range from approximately 20 to
35 feet, depending on the depth to bedrock. Mbst of this ground water and
LNAPL woul d cone fromthe surficial aquifer, although small anounts of dense
non- aqueous phase |iquids (DNAPL) and ground water would al so be extracted
fromthe Denver aquifer through existing nonitoring wells and any new

noni toring wells which nay encounter DNAPL. An on-site water treatnent

pl ant woul d be constructed. This plant would be designed to first renove
LNAPL and DNAPL fromthe ground water in an oil/water separator. These
NAPLs woul d be reclaimed by placing themin tanks or drums, then shipping
themto an off-site recycling facility. The plant would then treat the
water in a two-stage, fixed-filmbioreactor, simlar to a comopn water
treatment plant. The water would be batch processed in several |arge tanks
using nutrients, aeration, heat, and m xing to provide an environnent
conducive to rapid biorenediation. Snmall quantities of the treated water
woul d be used for the soil renediation processes and the renmining treated
wat er woul d be reinjected into the surficial aquifer. This ground water
treatment would substantially reduce organics in the ground water before
each reinjection in conpliance with RCRA section 3020.

Recent EPA studies of the effectiveness of ground water extraction systemns
in achi eving chem cal -specific goals found that ground water extraction is
an effective renedi ati on neasure for some organi ¢ contani nants and can
achi eve significant renoval of other contaminants. Since the water
treatment plant technol ogy has been used at refinery sites for many years,



the actual treatnent technology for the recovered water is well established.
A treatment plant simlar to the one proposed for the Broderick site is
currently operating at the Libby Superfund site in Montana. Recent studies
under the EPA Superfund | nnovative Technol ogy Eval uation (SITE) program have
renoved over 99% of PCP in treated ground water

It is often difficult to predict the ultimte concentration to which
contam nants in the aquifer nay be reduced. The ground water nobdels in
Appendi x B of the FS indicate relative cleanup tinmes nay be as short as 1.6
years and as |long as 600,000 years for specific contam nants using this
alternative. Thus, Federal and state ground water standards identified as
ARARs woul d not be net under this alternative in the surficial aquifer
within a reasonable time. A waiver is not available for the surficia

aqui fer since EPA believes that the ex-situ/in-situ alternative di scussed
bel ow may cl ean the ground water to Federal and state standards within a
reasonabl e time.

This alternative would use institutional controls on the property as set out
in Alternative #2 during the inplenmentation and operation of the renedy.
Ground water in all three aquifers would al so be periodically nonitored for
thirty years both on and off the Broderick property to assess ground water
quality and m gration of contam nants. The specific details of this

noni toring program woul d be devel oped during Renedi al Design, but would be
simlar to those described in Alternative 2 above. The cost for a periodic
noni toring programover a 30-year period is approxi mately $685, 000.

The Denver and Arapahoe Aquifers would specifically be addressed as provided
in Gound water Alternative 2. Costs are shown in Table 8

For cost purposes, the proposed treatnment tines for the volune of water

di scussed above includes one year for constructing the water treatment unit
and approximately 10 years of operation. However, the systemwould actually
be run until action levels are reached or until a decision is nmade to cease
operation. Since contam nated ground water would renmain on the site, five-
year reviews woul d be conducted as required by CERCLA. The total present

val ue cost for this renmedial alternative, including capital and O&M costs,
woul d be approxi mately $9, 280, 000.

G ound Water Alternative # 4 - Ex-Situ/In-Situ Bioremediation. This
alternative is EPA's preferred alternative and would i nvol ve use of a two-
phase (ex-situ and in-situ) biological water treatnent process. G ound
wat er woul d be recovered and treated in an above-ground water treatnent

pl ant as described in Alternative #3, above. After sone of the treated
water is diverted for soil treatnent, the remaining treated water woul d be
m xed with nutrients and an oxygenating chem cal, such as hydrogen peroxide.
This nutrient-rich water woul d be reinjected into the aquifer to stimulate
bacterial growth in order to pronote further breakdown of contamni nation
within the surficial aquifer. Experience with this treatment process has
been found to reduce PAHs by 97% and PCP by 95% Therefore, ground water
treatment would substantially reduce organics in the ground water before
each reinjection in conpliance with RCRA section 3020.

Ground water in all three aquifers would be periodically nonitored as
described in Alternative #3, above.

An in-situ treatnent systemsinlar to the one proposed for the Broderick
site is currently operating at the Libby Superfund site in Montana. The
advantage that this system has over the punp-and-treat systemin Alternative
3is the ability to both treat contanminants in the aquifer and to desorb
contam nants fromsoil particles in the aquifer to allow their renoval to
the water treatnment plant. Although it is often difficult to predict the



ultimate concentration to which contam nants in the aquifer nay be reduced,
the ground water nodels in Appendix B of the FS indicate relative cleanup
tinmes may be as short as 11 days to as long as 10 years for specific

chem cal contaminants using this alternative. Even assum ng that these

val ues are based on sinplified nodel paraneters, this two to five order of
magni tude difference in relative treatnment tines indicates this approach
will achieve all ARARs in a reasonable period of tine.

This alternative would use institutional controls on the property as set out
in Gound Water Alternative #2.

The Denver and Arapahoe Aquifers would be addressed as discussed in G ound
Water Alternative #2. Estimated costs are shown in Table 8.

The proposed treatnment tinmes for the volunme of water di scussedabove incl udes
one year for constructing the water treatnent unit and approxi nately 10
years of operation for cost purposes. However, the systemwould actually be
run until action levels are reached or until a decision is nade to cease
operation. The total present value cost for this remedial alternative,

i ncluding capital and O&M costs, woul d be approxi mately $10, 460, 000. Since
contam nated ground water would renmain on the site, five-year reviews would
be conducted as required by CERCLA.

Renedial Alternatives for the Buildings, Vessels and Drunms and Their
Contents

BVD Alternative #1 - No Action. In this alternative, an analysis of which
is required by the NCP, no action would be taken to address the buil dings,
vessel s and drums (BVD) and their contents. Like the no action alternatives
for the soils and sedi nents and ground water, the conpletion of the QU 1
interimaction would not be inpacted by this alternative.

Because the structures and their contents would be left in place, a no-
action alternative would present |ong-termhealth and environnental risks
t hrough direct contact and/or |eaching. Costs required to inplenent and
maintain this alternative are assumed to be zero

BVD Alternative #2 - Denolition and Reclamation. Under this alternative,

t he buil di ngs woul d be denolished and the building debris tenmporarily
stockpiled on the Broderick property. The process buil ding contains
asbestos contaminated materials. Denolition and di sposal of these naterials
woul d be done in conpliance with Federal and state regulations identified as
ARARs including State Air Quality Regulation 8 and the National Em ssion
Standard for Asbestos. An estinmated 225 tons of scrap netal would be
transported for disposal at an off-site recycling facility. An estimated
850 cubic yards of building debris and 205 cubic yards of asbestos-
containing materials would be di sposed in appropriate off-site, permtted
landfills.

Significant quantities (an estimated 42,000 gallons) of organic |iquids and
sludges remain in the druns and vessels at the Broderick site. The vesse
contents woul d be punped or excavated, stored tenporarily on the Broderick
property in druns, and then transported to an off-site reclanmation facility,
along with the contents already in druns. This storage and transportation
woul d require conpliance with all RCRA hazardous waste generator and
transporter requirenents.

Approxi mately 9,500 gallons of contam nated water remain in building sunps

and basements at the site. This includes some fire water contam nated with
asbestos left fromthe process building fire in 1985. This water woul d be

punped, stabilized, drunmed and transported to a RCRA-pernitted landfill.



The tine for denplition and renoval of all building materials fromthe site
is estimted at one year. The estinmated total present worth cost for this
remedi al alternative would be $1,230,000 (see Table 9).

VI1. SUMVARY OF COVPARATI VE ANALYSI S OF ALTERNATI VES

Al of the renedial alternatives which passed the initial screening process
were evaluated in detail in accordance with Section 300.430 (e)(9) of the
NCP. The detail ed analysis was conducted using the nine criteria identified
in the NCP. The nine criteria are: 1) overall protection of human health
and the environnent; 2) conpliance with applicable or relevant and
appropriate requirements (ARARs); 3) reduction of toxicity, mobility, or

vol unme through treatnment; 4) long-termeffectiveness and pernanence; 5)
short-termeffectiveness; 6) inplenmentability; 7) cost; 8) state acceptance,
and 9) community acceptance.

Criteria 1 and 2 are threshold criteria which nust be net by the selected
renedial action. Criteria 3, 4, 5, 6 and 7 are balancing criteria. The
final two criteria are nodifying criteria used to evaluate the alternatives
based on State and | ocal concerns.

A di scussion of the conparative analysis of alternatives for the soils and
sedi ments is provided bel ow fol |l owed by di scussi ons of the conparative
anal ysis of alternatives for groundwater of the surficial aquifer and the
bui | di ngs, vessels and druns and their contents.

Soi | s and Sedi nents

Overall Protection of Human Health and the Environment. Overall protection
of human health and the environnment addresses whether a renmedy provides
adequate protection and describes how ri sks posed through each pathway are
el i m nated, reduced, or controlled through treatnent, engineering controls,
or institutional controls.

Al of the alternatives, except no-action, would provide protection of hunman
health and the environnent by elimnating, reducing, or controlling the
risks identified for the contam nated soils on the site. Each of the

soi |l s/ sedi nents alternatives would use treatnent to elimnate or reduce the
initial risks and use institutional controls to elimnate or control the
resi dual risks.

Alternative 4, Ex-Situ Biorenediation, and Alternative 2, thernal

desorption, would provide greater overall protection because surface and
subsurface soils woul d be excavated and isolated in engi neered contai nment
structures after treatnent. Alternative 3, In-situ Biorenedi ation, provides
| ess protection, since it does not include an engi neered contai nment
structure and does not feasibly treat the subsurface soils.

Al ternative 1, no-action, would not provide protection of hunman health,
since the contam nated soils would remain in place and would continue to
pose risks through ingestion, inhalation and dernmal contact. In addition

| eachi ng of contaminants into the underlying ground water would continue to
present an environnental threat. Since this no-action alternative would not
neet this threshold criterion, it is not included further in the conparative
anal ysi s.

Conpliance with ARARs. Conpliance with ARARs addresses whether a renedy
will neet all applicable or relevant and appropriate Federal and state
environnental |aws and/or provide a basis for a waiver fromany of these

| aws. ARARs are generally divided into chem cal specific, action specific,



and | ocation specific requirenents.

Al ARARs identified for these alternatives would be net or a waiver would
be available. Placenent of the contam nated soil fromthe inpoundnent area
into the LTUin Alternative 4, Ex-Situ Biorenediation, would trigger LDRs.
This ARAR would not be net at the tinme of placenent but would be net at the
conpl etion of the renedial action. Thus, this ARAR woul d be wai ved under an
interimaction waiver. LDR requirenents would be nmet at the end of the
renmedi al action through a soil and debris treatability variance.

Land farmng in Alternatives 3 and 4 woul d be desi gned, operated and cl osed
in conpliance with the RCRA | and treatnment regulations in 40 CFR, Subpart M
As an additional neasure of protectiveness in Alternative 4, Ex-Situ

Bi orenedi ation, a |iner would be placed under the LTU to prevent |eaching of
contam nants fromthe LTU to the ground water

Al ternative 2, Thermal Desorption would be operated to conply with al
federal and state air quality regulations identified as ARARs. Disposal of
the soils after treatment in the thermal desorption unit would trigger LDRs.
LDR requirenments would be net for this alternative by use of a soil and
debris treatability variance.

RCRA cl osure requirenents for wastes left in place are ARARs for each
alternative. dosure of the inpoundnents would be perfornmedpursuant to
t hese cl osure requiremnents.

Reduction of Toxicity, Mbility, or Volune Through Treatnment. Reduction of
toxicity, nmobility, or volune through treatnent refers to the preference for
a renedy that uses treatment to reduce health hazards, contan nant
mgration, or the quantity of contam nants at the site.

Al alternatives significantly reduce the toxicity, nobility and vol une
(TWV) of the soils and sedinents exceeding the action levels at the site.
Studies for this and other wood treating sites have denbnstrated potentia
treatnment efficiencies for the destruction of PAH, PCP and di oxi ns/furans of
90% to 99% for Alternative 2, Thernaml Desorption, and Alternative 4, Ex-Situ
Bi orenedi ation. Alternatives 2 and 4 decrease the potential for contam nant
nobility through destruction and the use of engi neered contai nnent
structures. Alternatives 2 and 4 would significantly reduce the vol une of
contam nants; however, the volume of contaminated soils would probably not
be significantly reduced. Alternative 3 would not be expected to reduce TW
as significantly, since it would not include an engi neered contai nment
structure and would not feasibly treat the subsurface soils.

Long-term Ef fecti veness and Pernanence. Long-term effectiveness and
permanence refers to the ability of a renmedy to nmaintain reliable protection
of human health and the environnent over tine. This criterion includes the
consi deration of residual risk and the adequacy and reliability of
institutional controls.

Al ternatives 2, Thermal Desorption, and Alternative 4, Ex-situ

Bi or enedi ati on, woul d be expected to provide the greatest |long-term

ef fecti veness and pernanence. Each of these alternatives would produce
simlar levels of contam nant reduction. The excavation and treatnent of
surface and subsurface soils in Alternatives 2 and 4 woul d reduce residua
risk to the 10[-5] risk | evel based on an industrial-use scenario. This
residual riskwould be further controlled by institutional controls on soils
not excavated and treated. Residual risks for treated soils would be
control l ed through placenment of the treated soils in engineered waste
managenent units and institutional controls. Alternative 3, In-Situ

Bi or enedi ati on, woul d be expected to provide a | esser degree of long-term



ef fecti veness and pernanence because subsurface soils below 12 i nches woul d

not be effectively treated and control of the greater residual risk would be
nore dependent on institutional controls. The effectiveness and reliability
of institutional controls is considered | ess than engi neered controls.

Short-term Effectiveness. Short-termeffectiveness refers to the period of
time needed to conplete the remedy and any adverse inmpacts on human health
and the environnent that nmay be posed during the construction and

i mpl enentati on of the renedy.

Al the alternatives require disturbance of the contaninated soils. In-Situ
Bi orenedi ati on woul d require the | east disturbance and therefore presents
the | east short-termrisks. Alternative 2, Thernal Desorption, presents the
greatest short-termrisks. This alternative would present the greatest
threat of air em ssions. Short termrisks can be controlled or elimnated

t hrough proper construction techniques. Al of the alternatives would
require approxi mately the sane anount of time to inplenent, approximtely,
seven years.

| mpl enentability. Inplenentability refers to the technical and
admnistrative feasibility of a renedy, including the availability of
materials and services needed to i npl enent the chosen solution. It includes

coordi nation of Federal, State, and | ocal governnents to clean up the site.

Al alternatives are expected to be technically inmplenmentable. |nand Ex-
Situ Biorenmediation are relatively sinple treatnent technol ogi es, are easy
to construct and operate, and have been successfully inplenented at other
sites. O the two, In-Situ Biorenediation is nore easily inplenentable,
since it does not require the construction of an LTU and does not involve
subsurface soils. Thernal Desorption is a new and nore conpl ex technol ogy
and requires specialized equi pnrent and know edge which nmakes it nore
difficult to procure, construct and operate. In addition, air quality
concerns in the Denver Metro Area nmay nake it nore difficult to inplenent
the Thermal Desorption alternative.

Institutional controls for each alternative would entail deed restrictions
on use of and access to the site. The inplenentation of such deed
restrictions or other institutional controls would require the cooperation
and approval of the site owners. The owners of the site have indicated they
woul d cooperate in establishing any needed deed restrictions or

institutional controls.

Cost. This criterion exani nes costs for each renmedial alternative. For
conparison, capital and annual O & Mcosts are used to cal culate a present
worth cost for each alternative.

The total present worth costs for each soils/sedinents alternative would be
as follows:

Al ternative 2 - Thernmal Desorption $32, 388, 000
Alternative 3 - In-situ Biorenediation $ 3,039, 000
Alternative 4 - Ex-situ Biorenediation $ 4,493, 000

State Acceptance. This criterion addresses the State of Colorado's response
to the alternatives described in the proposed plan

The State of Col orado has concurred with EPA's preferred alternative:
Alternative 4, Ex-Situ Biorenediation.

Conmmunity Acceptance. This criterion addresses the public's genera
response to the alternatives described in the proposed plan



The general public neither supported nor opposed EPA' s preferred
alternative: Alternative 4, Ex-Situ Biorenediation. The Potentially
Responsi ble Party (PRP), BIC, supported EPA's selection of Ex-Situ

Bi or enedi ati on but opposed EPA' s decision to excavate soils based on the 10]
-5] action level. Specific comments submtted by the public during the
public coment period and EPA responses to those coments are attached as
part of the Responsiveness Summary.

Ground Water Treatnment For The Surficial Aquifer

Overall Protection of Human Health and the Environnent. The active
renmedi ati on alternatives would be expected to provi de adequate protection of
human health and the environnent by elininating, reducing, or controlling
the risks posed by contam nated ground water. Ex-Situ Biorenedi ati on and Ex
-situ/InSitu Biorenediati on would elimnate or reduce the contam nant |evels
in the ground water in order to provide protectiveness. Ex-Situ/ln-Situ

Bi or enedi ati on woul d provide the greatest overall protectiveness by
elimnating or reducing contamnant levels in a reasonable tine. Ex-situ

Bi oremedi ati on woul d elimnate or reduce contam nant |evels, but not in a
reasonabl e period of tine (see discussion on ARARs bel ow). Stand-al one
Institutional controls may provide sone protection to human heal th by
limting exposure, but they provide no environmental protection and will not
ensure protection of human health.

Al ternative 1, no-action, would not provide protection of hunman health,
since the untreated ground water woul d pose risks through ingestion and
dermal contact to people on and off the property. Also, the surficia

aqui fer contam nati on would continue to mgrate to the underlying Denver
aqui fer and off the Broderick property. Since this no-action alternative
woul d not meet this threshold criterion, it is not included further in the
conparative anal ysis.

Conpliance with ARARs. The Safe Drinking Water Act (SDWA) Maxi mum
Cont am nant Levels (MCLs) were identified as ARARs for this site. For
standal one institutional controls, MCLs would be net only through natura
attenuation. Ground water nodeling for the surficial aquifer was conducted
to determine the tine it would take to reach MCLs for the ground water
alternatives under ideal conditions. The nodel was used only to determ ne
the relative effectiveness of the three alternatives. |t showed that under
i deal conditions it would take nmillions of years for the surficial aquifer
to reach MCLs by natural attenuation. Thus, institutional controls alone
woul d not meet MCLs within a reasonable tine.

For Alternative 3, Ex-Situ Biorenediation, the nodel also determined that it
woul d take an unreasonabl e nunber of years to reach MCLs (i.e., 661,000
years). Therefore, this alternative would not neet ARARs within a reasonabl e
time. A waiver based on technical inpracticability is not available for

t hese ARARs because there is presently a practicable technol ogy for
renmediating the surficial aquifer. Since Alternatives 2 and 3 do not neet
this threshold criterion, they are included in the analysis bel ow for

conpari son purposes only. These alternatives were not considered for

sel ection purposes.

Only the combi nation of in-situ biorenmedi ation and ex-situ bi orenediation
woul d be expected to neet all MCLs for the surficial aquifer. The nodel
predicts that under ideal conditions, MCLs for the surficial aquifer may be
net both on and off the Broderick property within 10 years.

MCLs are exceeded in the Denver aquifer under the site. Due to the
hydr ogeol ogy of this aquifer beneath the BWP property, it was determ ned



that there is no practicable technology currently available for renediating
this aquifer. Thus, the MCLs as an ARAR for the Denver aquifer have been
wai ved due to technical inpracticability (see Ground water Alternative 2 in
the Description of Alternatives section for nore infornmation).

Reduction of Toxicity, Mbility, or Volume (TMW). The Ex-Situ/InSitu

Bi orenedi ati on alternative woul d be expected to substantially reduce
toxicity, nmobility and volune of contam nants in the surficial aquifer
since biorenediation (i.e., degradation) occurs both on the surface and
within the surficial aquifer. The Ex-Situ Biorenediation alternative would
al so reduce TMWV but it would require a much | onger period of tine since

bi orenedi ati on occurs only on the surface. The institutional controls
alternative would not reduce TW t hrough treatnent.

Long-term Effecti veness and Pernmanence. The Ex-Situ/ln-Situ Biorenediation
alternative provides the greatest |ong-term effectiveness and per nanence.
This alternative is considered effective and pernanent in that it degrades
and/ or destroys contami nants to acceptable levels within a reasonabl e
timeframe. It is the only alternative expected to reduce residual risk to
acceptable levels. The Ex-Situ Biorenedi ation alternative would

degrade/ destroy the contam nants, but not within a reasonable tinefrane.
Therefore, it is not adequately effective or pernmanent. Institutiona
controls would not provide |long-term protection of human health and the
envi ronnent .

Short-term Effectiveness. The Ex-Situ/In-Situ Bioremediation alternative is
the nost effective treatnment alternative in the short-term It is estimated
that this response action could be conpleted (i.e., reach MCLS) in

approxi nately 10 years under ideal conditions. The Ex-Situ Biorenedi ation
alternative would require thousands of years to be effective. Institutiona
controls on the BWP property may provide an effective short-termrenedy in
that they may reduce the potential for human exposure i mmedi ately; however,
the ability to inplenment institutional controls off the property is

guesti onabl e. Construction of the extraction and treatnent systens for Ex-
situ and Ex-situ/ln-situ Biorenediation woul d be identical except Ex-situ/ln
-situ would add the nutrient oxygen conponent. Therefore, these
alternatives present simlar short termrisks during construction. Any

ri sks presented by construction could be controlled or elinnated by proper
construction and health and safety techni ques. No construction is required
for institutional controls.

I mpl enmentability. The two active treatnent alternatives are expected to be
easily inplenentable. Ex-situ/ln-situ Bioremediation has been successfully
i mpl enented at a nunber of sites, one of which is very simlar to the BW
site and can serve as a nodel (i.e., the Libby Superfund site). O the two
active treatment alternatives, the Ex-Situ Biorenmediation alternative is
slightly nore inplenentable given that it does not require the construction
of a nutrient conponent unit. The inplenmentability of stand-al one
institutional controls outside of the BWP property is questionable. This is
due to uncertainties regarding the |egal and/or admnistrative mechani sims
for inmplenenting and enforcing the controls. Mire infornation on
institutional controls is provided in the Description of Alternatives
section.

Cost. The total present worth costs for each ground water alternative are
estimated as foll ows:

Alternative 2 - Institutional Controls $ 812, 000
Alternative 3 - Ex-situ Biorenediation $ 9, 280, 000
Alternative 4 - In-situ/Ex-situ Biorenedi ation $10, 460, 000



State Acceptance. The State of Col orado has concurred with the sel ection of
Alternative 4, Ex-Situ/lIn-Situ Biorenediation, for the ground water

Conmuni ty Acceptance. The general public neither supported nor opposed
EPA' s selected remedy. The PRP, BIC, generally opposed the sel ected renedy
and instead supported contai nnent of the LNAPL and institutiona

control s/nonitoring for the dissolved contam nation in the ground water
Specific coments subnmitted by the public during the comment period, and EPA
responses to those comments, are included with this renmedy sel ection as part
of the Responsiveness Sumary. Buildings, Vessels and Drums and Their
Contents

Overall Protection of Human Health and the Environment. Alternative 1
no-action, would not provide protection of human health, since the
structures and their contents would be left in place and woul d pose ri sks
t hrough direct contact. Leaching of the contam nants to the ground water
bel ow woul d continue to present an environnmental risk. Because this no-
action alternative would not nmeet this threshold criterion, it is not

i ncluded further in the analysis.

Alternative 2 would be protective of human health and the environnent by
recl anati on of any useabl e conmponents and di sposal of the renaining
conponents at a RCRA-permitted facility. Since Alternative 2 is the only
active renmedial alternative identified for the structures and their contents
and woul d nmeet all ARARs, the conparative analysis is not continued further

I X. SELECTED REMEDY

After consideration of the statutory requirenments of CERCLA, the detailed
anal ysis of the alternatives, and public coments, EPA has determ ned that
the nost appropriate renedy for the site is as foll ows:

Soi | s/ sedi nent s

-Ex-Situ Biorenediation for the organics contaninated soils (Soils C eanup
Al ternative 4),

-Chem cal fixation of the netals contami nated soils,

-Institutional Controls for the organics-contaninated soils remaining after
treatment. -Closure of the former sludge inpoundnents

Ground wat er

-Ex-Situ/ln-Situ Biorenmediation and institutional controls for the surficia
aqui fer (Gound water Cl eanup Alternative 4), -Institutional controls for
the Denver aquifer, -Drilling of additional wells in the Arapahoe aquifer to
further characterize the aquifer and contam nation, if any, -Mnitoring of
the three aquifers. Structures and Their Contents

-Denolition and Di sposal of buildings, vessels and druns to a RCRApernitted
landfill, -Reclamation of scrap netal and contents, -Disposal of basenent
and sunmp water to a RCRA-pernitted landfill.

Renedy for Soil s/ Sedi nents

The renedial alternative selected by EPA to renediate the soils and
sedinments is Alternative 4, Ex-situ Biorenediation. This soil renediation

technology will involve excavation and on-site biological treatnent of
organi cscontamni nated soils and sedinents in a "land-treatnment unit" (LTU)
This LTU will be constructed by building earthen bernms around the unit, then

placing a synthetic liner and | eachate collection and recovery systemand a
conpacted filter material over the liner. The remediation process wl|



i ncl ude excavating the soil, based on the action |evels set out belowin
Tabl e 11, separating the oversized rocks, and noving the soil to the LTU.
Once placed into the LTU, the soils will be land farned to neet the
treatment levels set out in Table 12. The RCRA | and treatnent requirenents,
Subpart M 40 CFR 264.270 to 264.283 are applicable to this alternative.

The LTU wi Il be designed, operated, and closed in conpliance with these
regul ations. EPA is including, as extra protective neasures, the |liner and
| eachate collection system as well as closure with a multi-layered cap

Approxi mately 120 cubic yards of organi cs-contam nated sedi nents from Fi sher
Ditch will be excavated and treated to renove water. After renoval of

wat er, these sedinments will be placed in the LTU for treatnent. No LDRs
apply to placenent of these sediments because the level of contam nation is
al ready bel ow LDR st andards.

The | eachate fromthis process will be isolated fromthe site subsoils by
the Iiner and collected, treated, and reused in the treatnment process.
Lysimeters nmay be used below the liner to collect soil pore liquid, which
together with soil cores taken at random | ocations within the |and treatnent
unit soils, will be periodically collected and anal yzed to determ ne renoval
efficiency and contaninant levels. |In addition, nonitoring will be
conducted in accordance with the requirenments of the |and treatnent
regul ati ons and the general RCRA nonitoring requirenments of 40 CFR 264
Subpart f. This process will be capable of treating contam nated sub-soils,
as well as the upper 12 inches of surface soil

Pilot studies of the land treatment unit will be conducted at the Broderick
site at the initial stages of the RA phase to better define renoval rates
and efficiencies and to optimze the addition of nutrients and water

Excavati on and pl acenent of the contami nated soils into the LTUw Il trigger
the RCRA LDR standards for the KOOl wastes fromthe inpoundnments. These LDR
treatment standards will not be net at the tine of placenent in the LTU.
Therefore, EPA will invoke a tenporary wai ver of the LDR treatnent standards
through an interimaction waiver. At the conpletion of the renedial action
the LDR requirenents will be net through a treatability variance for soi

and debris. The treatability variance treatnment |evel ranges or percent
reducti on ranges that Ex-situ Biorenediation will attain for the
constituents are discussed later in this section and presented in Table 12.

The treated soil will remain in the LTU following treatment and the LTU wil |l
be closed in accordance with the RCRA | and treatnment requirenents and
general RCRA cl osure requirenents.

The selected renedy will not be protective for residential uses of the site.
Theref ore, exposure and access to organi cs-contaninated soils, both treated
and untreated, will be controlled by the use of deed restrictions or other

institutional controls to prohibit non-industrial uses of the site. The cost
of instituting these controls is not known at this tine.

The treatnent process in the LTU will extend over a seven-year period. This
alternative will be nonitored continuously during operation. Because

hazar dous substances woul d be left on the property, the protectiveness of
the renedy woul d be reviewed at | east every five years as required by
CERCLA. The volune to be treated is expected to be approxi mately 59, 000
cubi ¢ yards.

In addition to the organics contam nated soil and sedi nent, approxinmately
800 cubic yards of soils contam nated with heavy netals above RCRA Toxicity
Characteristic levels will be treated. This soil will undergo chenica
fixation using such stabilization conpounds as cenent or fly ash to forma



chem cally and nechanically stable material. Treatability studies will be
conducted to determ ne the best stabilization conpound for the wastes at the
site.

The netal s-contanminated soils will be excavated and then m xed with water
and the fixation agents. The resultant product will be poured into fornmns.
Once the material is solidified, the solid blocks will be removed fromthe
fornms and allowed to cure. After the blocks have cured, they will be
transported to an off-site, RCRA Subtitle D-permitted |landfill for disposal
LDR standards will apply to this action. The heavy netals which have LDR
standards are arsenic (DOX), cadm um (DOO6) and | ead (DOXB). To neet the
LDR standards, it will have to be shown that the stabilized soil is bel ow
Toxicity Characteristic |levels. The LDR standards for these netals are
presented in Table 12, bel ow.

The former sludge inpoundments are RCRA interimstatus units. Although with
Ex-Situ Bi oremedi ation contam nants in the subsurface soils will be
excavated and treated, it is still expected that waste residuals will be
left in place in the inmpoundnent area after treatnent. Therefore, RCRA
interimstatus requirements for closure with wastes in place are ARARs for
this alternative. As such, these inmpoundnents nust be closed in conpliance
with RCRA interimstatus regulations found in 40 CFR 265.228 and Subpart G
of 40 CFR 265.

Renmedy For The Surficial Aquifer G ound Water

The ground water renedial alternative selected by EPA to renedi ate

contam nated ground water in the surficial aquifer is Alternative 4, Ex-
situ/lnsitu Biorenediation. This alternative will involve the collection of
526 mllion gallons of ground water and |ight non-aqueous phase |iquids
(LNAPL) fromthe surficial aquifer in a series of subsurface drain trenches
on the BWP property and at |east one recovery well off the property. These
trenches will be located in the areas of highest ground water contani nation
and will extend to sufficient depth to intersect the unweat hered Denver
Formation. This depth nmay range from approxi mately 20 to 35 feet, depending
on the depth to bedrock. Mst of this ground water and LNAPL will cone from
the surficial aquifer, although small ampunts of dense non-aqueous phase
liquids (DNAPL) and ground water will also be extracted fromthe Denver

aqui fer through three existing nonitoring wells and any new nonitoring wells
whi ch encount er DNAPL

An on-site water treatnment plant will be constructed. This plant will be
designed to first renove LNAPL and DNAPL fromthe ground water in an
oi | /water separator. These NAPLs will be reclainmed by placing themin tanks

or drums, then shipping themto an off-site recycling facility. The plant
will then treat the water in a two-stage, fixed-filmbioreactor, simlar to
a comon water treatnent plant. The water will be batch processed in
several l|arge tanks using nutrients, aeration, heat, and mi xing to provide
an environment conducive to rapid biorenediation. Snall quantities of the
treated water will be used for the soil renediation processes and the
remaining treated water will be reinjected into the surficial aquifer. This
ground water treatment will substantially reduce organics in the ground

wat er before eachreinjection in conpliance with RCRA section 3020.

An in-situ treatnent systemsinmlar to the one selected for the Broderick
site is currently operating at the Libby Superfund site in Montana. The
advantage that this system has over comon punp-and-treat systens is the
ability to both treat contaminants in the aquifer and to desorb contam nants
fromsoil particles in the aquifer to allow their removal to the water
treatment plant. Although it is often difficult to predict the ultimate
concentration to which contaninants in the aquifer nay be reduced, the



ground water nodels in Appendix B of the FS indicate relative cleanup tines
may be as short as 11 days to as long as 10 years for specific chemica
contam nants using this alternative. Even assum ng that these values are
based on sinplified nodel paranmeters, the nodeling indicates this approach
will achieve all ARARs in a reasonable period of tine.

Institutional controls will be applied to the future use of the ground
water. Institutional controls mght include deed restrictions, covenants, or
acquisition of property rights. Deed restrictions or other institutiona
controls could be placed on future uses of ground water on the Broderick
property by the current owner to control access to the contanm nated water in
the surficial and Denver Aquifers. |In fact, the owners of the Broderick
site have indicated that they woul d cooperate with placing deed restrictions
or covenants on the property.

EPA has deternined that it is technically inmpracticable to actively

renedi ate the Denver aquifer due to its hydrogeol ogic characteristics. The
Denver aquifer under the BWP property is nade up of snmall |enses of

per meabl e sandstones interbedded i n near-inperneabl e cl ayst one which
significantly Iimts the ability to punp and treat the contam nated ground
water. Due to the small areal extent of the perneable |enses, the

contam nated ground water is confined to within a few hundred feet of the

i mpoundnents. Consequently, institutional controls and nmonitoring will be
required for the Denver aquifer. Federal and state ground water standards
identified as ARARs will not be net under this remedial alternative. These

ARARs are being wai ved due to technical inmpracticability. If new informtion
indicates that it is not technically inpracticable to treat the Denver

aqui fer under the Broderick property, or if nmonitoring or other information
shows that the renedy is not protective, EPA will reconsider the renedy
chosen for this aquifer

In addition, the ground water in the Arapahoe aquifer will be tested to
determ ne the |l evel of contam nation. This investigation will include the
installation of new nonitoring wells, conpletion of a constant di scharge
aqui fer test, sanpling the new and exi sting Arapahoe wells, and anal yzi ng
the sanples in a laboratory. |If contam nation is found, the aquifer wl]|
continue to be nonitored and appropriate neasures will be taken.

The selected renmedy will include surficial ground water extraction and
ex-situ/in-situ biorenediation for an estinmated period of ten years, during
which tine the systemis performance will be nonitored on a regular basis and
adjusted as warranted by the performance data col |l ected during operation
Modi fications may include any or all of the foll ow ng:

Di sconti nuing punping in areas of the surficial aquifer where cl eanup
goal s have been att ai ned;

Al ternating punping at locations to elimnate stagnation points;

Pul se punping to allow surficial aquifer equilibration and encourage
adsorbed contami nants to partition into ground water

Installing additional extraction trenches or wells to facilitate or
accel erate cleanup of the contam nant pl unes.

The proposed treatnment time for the volune of water discussed abovei ncl udes
one year for constructing the water treatnent unit and approxi nately 10
years of operation for cost purposes. Since contaninated ground water wl|
remain on the site, five-year CERCLA reviews will be conducted by EPA

Renedy for the Buildings, Vessels and Drunms and Their Contents



The renedial alternative selected by EPA to address the buildings entails
denol i shing and tenporarily stockpiling the debris on the site. Under this
alternative, the buildings will be denolished and the building debris
tenporarily stockpiled on the Broderick property. The process buil ding
contai ns asbestos contam nated materials. Denplition and disposal of these
materials will be done in conpliance with Federal and state regul ations
identified as ARARs including State Air Quality Regulation 8 and the

Nati onal Em ssion Standard for Asbestos. An estimated 225 tons of scrap
netal will be transported for disposal at an off-site recycling facility.
An estimated 850 cubic yards of building debris and 205 cubic yards of
asbestos-containing naterials will be disposed in appropriate off-site,
permtted |andfills.

Significant quantities (an estimated 42,000 gallons) of organic |iquids and
sludges renmain in the druns and vessels at the Broderick site. The vesse
contents will be punped or excavated, stored tenporarily on the Broderick
property, and then transported to an off-site reclamation facility, along
with the contents already in druns. This storage and transportation wl|
require conpliance with all RCRA hazardous waste generator and transporter
requi renents.

Approxi mately 9,500 gallons of contam nated water remain in building sunps
and basements at the site. This includes some fire water contam nated with
asbestos left fromthe process building fire in 1985. This water will be
punped, stabilized, drunmed and transported to a RCRA-pernitted landfill.

The tine for denplition and renoval of all building materials fromthe site
is estimted at one year

Cost O The Remnedy

Tabl e 10 shows the detailed cost sunmary for the selected remedy as a whol e.
The total cost estimate for the renedy is $15.5 nmillion. Some changes may
be made to the remedy as a result of the remedi al design and construction
processes. Such changes, in general, reflect

nodi fications resulting fromthe engi neering design process. For exanple,

t he amount of soils and sedinents to be treated will depend on verification
sanpling, and the extent of the ground water extraction systemfor Ex-
situ/ln-Situ Biorenediation will depend on ground water sanpling.

Renedi al Action Objectives

The objectives of this renedial action are to: control present and future
ri sks posed by direct contact to and/or ingestion of and/or inhalation of
contam nated soils, sedinments and ground water; to control the mgration of
contam nants fromthe soils to the aquifer systens; and, to prevent
significant future human exposure to residual contam nation in the soils and
sedi ments and ground water. Qther objectives are to renove and properly

di spose of the buildings, vessels and druns and their contents including
asbestos. The objectives will be nmet by attaining remedial action goals.

Rermedi ati on Goals and Action Levels for The Soil s/ Sedi nents

For soils and sedinents the renmedial goals is excavation and treatnent so
that the level of contami nants remaining in these materials poses no
unacceptable risk to hunman health and the environnent. Because the

| ocation, characteristics, and use of the site make its future use
forresidences unlikely, action levels to be net by the renedial action for
the soils and sedinents were established using an industrial use scenario.



Det ermi nati on of excavation and treatnment standards for soils and sediments
has been conducted using two nmethods: 1) Evaluation of the standards in
various ARARs, such as BDAT concentrations in the Land Di sposa

Restrictions; and, 2) use of a human health risk assessnent to determ ne
cont am nant concentrations which are protective of human health. Since the
total Hazard Index using an industrial use scenario is below 1.00, non-
carcinogeni¢c health risks due to the soils are not indicated. Therefore,
excavation and treatnent standards are not required for the non-carcinogenic
conpounds in the soils and sediments. EPA has determ ned that the follow ng
action levels and treatnment | evels for the carci nogeni c compounds are
protective of human health and the environment and are in conpliance with
ARARs. The renedi ation activities for soils and sedinents will be required
to meet these |evels.

Excavation of Soils/Sedinments. Contaninated soils fromthe inmpoundnent,
process and surrounding areas will be excavated using a method that wl|
ensure that a cumul ative cancer risk level of 10[-5] is achieved in
unexcavated soils. One such nmethod applies health-based cl eanup | evels
presented in Table 11, and uses "cleanup |level indices (CLI)" as calcul ated
by a formula described in Exhibit C for determ ning when excavati on of soils
is necessary. A CLI of less than one for a particular |ocation indicates
that the total cancer risk associated with all chemicals in the location is

bel ow the target risk level. |[If the CLI is one or greater in a particular
| ocation, then excavation will be required. The decision on the specific
net hod to be used will be nade when the sampling and anal ysis programis

devel oped during renedi al design

Fi sher Ditch sediments with concentrations of carbozole greater than the
23.2 nmg/ kg will be excavated and treated. This action level is based
onecol ogi cal risk factors.

Treatment Levels for Excavated Soils. Table 12 lists the treatnment |evels
to be achieved in the LTU for the soils fromthe i nmpoundnent, process and
surroundi ng areas. Benzo(a)pyrene and di benzo(a, h)ant hracene toget her
represent 96% of the risk fromthe carcinogenic PAHs. Reducing the
concentrations of these two PAH conpounds to their treatnent |evels should
reduce the total risk fromthe PAHs to or below the 10[-5] risk level for an
i ndustrial use scenario. Therefore, these two conpounds are used as

i ndicators for total PAH reduction. The 2, 3,7, 8-TCDD equi val ent
concentration incorporates all dioxins/furans found in the soils.

Ex-Situ Biorenedi ati on of the organics-contam nated soils will conply with
the LDRs through a treatability variance. The treatability variance
treatment |evel ranges or percent reduction ranges (considered ARARs) t hat
Ex-situ Bioremediation will attain for the KOOl constituents are listed in
Table 12. These treatnment levels fall within the 10[-6] to 10[-7] risk range
for an industrial use scenario.

LDR standards will apply to the netal s-contaninated soils. To neet the LDR
standards, it will have to be shown that the stabilized soil is bel ow
Toxicity Characteristic levels. These treatment levels are also listed in
Tabl e 12.

The treatnment levels for the sedinents will be the sane as for the
or gani cs-contam nated soils.

The health risks of dioxins are presently being reassessed by the Ofice of
Research and Devel opnent (ORD). |If EPA' s policy on dioxins changes due to
this reassessment before or during the inplenentation of this renedy, the
equi val ency concentrations for di benzo-p-di oxi ns and di benzofurans conbi ned
wi || be changed accordingly.



Remedi ati on Goals and Treatnent Levels for the Surficial G ound Water

Renedi ati on goals for the surficial ground water are: 1) restoring the
contam nated ground water to a quality consistent with its potential future
uses; 2) protecting uncontani nated ground water by mnimzing the mgration
of contaminants within the ground water; and, 3) ensuring that the | evel of
contam nants renmaining in ground water poses no unacceptable risk to human
heal th and the environment.

Ground water cleanup criteria to neet the remedi ati on goal s have been

det erm ned by exam nation and consi deration of pre-established ARARs such as
the Safe Drinking Water Act Maxi num Cont am nant Levels (MCLs) and the

Col orado Basic Standards for Ground Water and the use of a human health risk
assessment to determ ne contam nant concentrations which are protective of
human heal t h.

Table 13 lists the treatnent levels for the surficial aquifer. EPA has
determ ned that ground water treatnent |evels for carcinogeni c conpounds
will be the following for the surficial aquifer: 1) total 2,3,7,8-TCDD
equi val ency concentrations for dioxins/furans will be reduced to no greater
than 0.5 pg/L (picograns per liter); 2) trichloroethylene will be reduced to
concentrations no greater than 5 mcrograns per liter (ug/L); 3)

tetrachl oroethyl ene will be reduced to concentrations no greater than 1.6
ug/L; 4) carbozole will be reduced to concentrations no greater than 4.1
ug/L; and, 5) other organics, if detected, which may be present in the
ground water will be reduced to the nobst stringent Federal or state standard
identified as an ARAR or TBC. The total TCDD equivalent is a proposed MCL.
The treatnent level for trichloroethylene is a Col orado Basi c G oundwat er
Standard. Although a Col orado Basic Standard applies, the nore stringent

ri sk-based | evel was selected for tetrachloroethylene. The treatnent |eve
for carbozol e wasdeternined by risk analysis and corresponds to a 10[-6]
risk |evel

EPA has al so deternined that groundwater treatnent |evels for
noncar ci nogeni ¢ conpounds will be as listed in Table 13. Al of these
treatnment |evels, except for PCP, were determned by risk analysis and
correspond to Hazard Quotients less than 1. The treatnent |level for PCP is
a Proposed MCL identified as a TBC.

One of the goals of the ground water conponent of this remedial actionis to
restore the surficial ground water to a quality consistent with its
beneficial use which is for donmestic use. Based on information obtained
during the renedial investigation, and the analysis of al

renmedial alternatives, EPA and the Col orado Departnent of Health believe
that the selected renmedy will achieve this goal. However, ground water
contam nati on may be especially persistent in the inmediate vicinity of the
source of contam nation, where concentrations are relatively high. The
ability to achieve cleanup levels at all points throughout the area of

attai nment, or plume, cannot be determined until the extracti on system has
been i npl enent ed, nodified as necessary, and plume response nonitored over
time. |f EPA determ nes that the selected renedy cannot neet the specified
renedi ation levels at any or all of the nmonitoring points during

i mpl enentation, nodification of the remedy may be necessary.

Renedi ati on Goals and Ceanup Criteria for the Buildings, Vessels and Druns
and Their Contents

For the buil dings, vessels and druns and their contents, the renedial goals
are based on renoval and/or recycling of the buildings, vessels and drums



and their contents, so that they will no | onger pose an unacceptable risk to
human heal th and the environnent.

Denolition and di sposal of the buildings, vessels and druns and their
contents will be done in conpliance with Federal and State regul ations
identified as ARARs. Al so, all asbestos ARARs will be net.

X. STATUTCORY DETERM NATI ONS

EPA's primary responsibility under Superfund is to select renedial actions
that are protective of human health and the environment. CERCLA al so
requires that the selected renmedial action conply with applicable or

rel evant and appropriate environnmental standards established under Federa
and State environnental |aws, unless a waiver is granted. The selected
renmedy nust also be costeffective and utilize pernmanent treatnent

t echnol ogi es or resource recovery technol ogi es to the nmaxi num ext ent
practicable. The statute also contains a preference for renedies that
include treatnent as a principal elenent. The follow ng sections discuss
how t he sel ected renedy for the soils/sedinments, ground water and structures
and their contents neets these requirenents.

Protection of Human Heal th and The Environnent

The renedy selected for the organi cs-contam nated soil s/sedinments at the
Broderi ck Whod Products site will protect hunman health and the environnent
by treating the soils/sedinents using Ex-Situ Biorenedi ation to degrade

and/ or destroy and isolate the organic contam nants. The renedy will also
chemcally fix the metal s-contam nated soils. Contam nant |levels in the
unexcavat ed organi cs-contani nated soil s/sedinents will be reduced to, or
bel ow the 10[-5] cancer risk | evel based on the industrial use scenario.
Contam nant |evel reductions in the LTUw Il be within 10[-4] to 10[-5] risk
range. The risks in both the unexcavated soils/sedinments and the LTU fal
within the 10[-4] to 10[-6] risk range specified by the NCP. Follow ng the

renedi al action, the hazard index for non-carcinogens will be | ess than one.
The liner and | eachate collection systemfor the LTU and cl osure of the LTU
with a multilayered cap are extra precautionary nmeasures and will minimze

human exposure to any residual contam nants.

The renedy selected for ground water at the site will protect human health
and the environnent by reducing the Ievels of contam nants found in the
surficial aquifer to Federal and state groundwater standards or risk-based
levels found in Table 13. Restoration of the surficial ground water to
these standards will ensure that ground water at the site will conmply with
the Safe Drinking Water Act and the Col orado Basic Standards for
Groundwat er, thereby providing protectiveness in the case of ingestion of or
contact with the water. Although the surficial ground water is not
currently believed to be used for drinking water purposes in the vicinity of
the site, it is a potential drinking water source. Institutional controls
will be required and inplenented to the extent allowed by |aw for the
surficial and Denver Aquifers. Institutional controls for the two aquifers
will assist in reducing the possibility of hunan exposure to contani nated
ground water. All three aquifers will be nonitored for up to 30 years.

The renedy selected for the buildings, vessels and druns will protect human
heal th and the environment by reclamati on of any useabl e conponents and
di sposal of the remaining conponents at a RCRA-pernitted facility.

O the alternatives evaluated for cleaning up soils/sedinents, ground water
and structures and their contents, the selected remedy provides the best
protection of human health and the environment. No unacceptable short-term
risks or cross-nedia inmpacts will be caused by inmplenenting this renedy.



Attai nment of ARARs

Al ARARs will be net upon conpletion of the selected renedy or a waiver

will be available. Federal and State ARARs and to-be-considered (TBC) itens
or the selected renmedy are presented in Exhibit B

Chemical Specific ARARs. The selected renedy will conmply with chem cal -
specific ARARs related to ground water and anbient air quality. The

princi pal chenical -specific ARARs for the selected renmedy are prinary
drinki ng water standards (MCLs) established under the Safe Drinking Water
Act which are relevant and appropriate. MCLs have been designated for sone
contam nants at the site. MCLs have been proposed for other contam nants.
Proposed MCLs are TBCs and will also be net. The Col orado Basi c Standards
for Gound Water are ARARs and will be net. These ground water ARARs and
TBCs will be met in the surficial aquifer through i npl ementation of the
ground water extraction and treatnent system These ground water ARARs and
TBCs will not be net in the Denver aquifer beneath the BWP property due to
technical inpracticability. Therefore, these ARARs are wai ved for the Denver
aqui fer by the signing of this ROD

Action Specific ARARs. The selected renedy will conply with all action
specific ARARs. Certain RCRA requirenents have been found to be ARARs for
the selected renmedy. RCRA |and disposal restrictions (LDRs) are applicable
to portions of the selected renedy because soils contam nated with KOO1
wastes will be placed in the LTUin a manner that falls within the RCRA
definition of "placenent." Since LDR treatnent standards for these K001
wastes will not be met upon placenment in the LTU, the treatnment requirenent
is tenporarily waived using an interimneasures waiver, granted through the
signing of this ROD. The placenent of these wastes will be followed by
treatment with biodegradation. This treatnment will conply with the LDRs for
KOOl waste through a soil and debris treatability variance also granted by
the signing of this ROD. The interimneasures waiver will not cause
additional mgration of contam nants, conplicate the site response, present
an immedi ate threat to public health or the environnent, or interfere with
or delay the final renedy.

LDRs are also applicable to netal s-contanminated soils. These soils will be
solidified to neet the LDRs.

RCRA requirenents for land treatnent facilities are applicable to the LTU.
These requirements will be net in designing, operating and closing the LTU.
Even t hough not required by the |land treatnment regul ations, the LTU wil|

i nclude, as an extra precautionary neasure, an inperneable bottomliner and
nmulti-layer cap to prevent the nigration of contam nants during and after
treat ment.

Closure of the RCRA interim status inpoundnents will occur during the CERCLA
action. Al RCRA closure requirenents and nonitoring requirenents will be
nmet and it is intended that fornmal RCRA closure will be acconplished

si mul taneously through coordi nation with RCRA authoriti es.

This alternative will conply with Federal and State air quality regul ations
during construction and inplenentation of the renedy.

RCRA section 3020 is applicable to the reinjection of treated ground water
into the surficial aquifer. As required by RCRA section 3020, treatnent
before reinjection will substantially renove the contam nants fromthe

wat er .

Location Specific ARARs. No |location specific ARARs were identified for



this site.

To Be Considered (TBCs). Whiile not ARARs, TBCs shoul d be considered with
regard to designing, inplenenting, and operating the renedy. Proposed MCLs
are TBCs for this action and will be net.

Cost Effectiveness

EPA believes the selected renedy is cost-effective in mtigating the
principal risks posed by the soils/sedi nents, contam nated ground water and
the structures and their contents within a reasonabl e period of tine.
Section 300.430(f)(ii)(D) of the NCP requires EPA to eval uate
costeffectiveness by comparing all of the alternatives which neet the
threshold criteria against three additional balancing criteria: long-term
ef fecti veness and pernanence; reduction of toxicity, mobility or volune

t hrough treatment; and, short-termeffectiveness. The selected renedy neets
these criteria and provides for overall effectiveness in proportion toits
cost. The estimated cost for the selected remedy is $15, 500, 000.

The selected renedy for the soils provides the best overall effectiveness of
all alternatives considered proportional to its cost. The sel ected renedy
will greatly reduce the toxicity, nobility, and volune of soils exceeding
the selected action levels. Also, the inplenmentation of this remedy wl|
result in long-termeffectiveness by reducing residual carcinogenic risks to
10[ -5], based on continued industrial use of the site, through pernmanent
treatment. Alternative 2, Thernal Desorption, also provides high overal

ef fectiveness, but Alternative 2 is much nore expensive than the sel ected
renmedy. Although Alternative 3, In-Situ Biorenediation, is | ess expensive
than the selected renmedy, it does not provide as great a degree of long-term
ef fectiveness or reduction in TW through treatnent.

The sel ected renedy for ground water provides the best overall effectiveness
of all alternatives considered proportional to its cost. Alternatives 3, EX
-Situ Biorenediation, and 4, In-Situ/Ex-Situ Bioremediation, will both
reduce the TW of affected ground water and will be permanent sol utions.
However, Alternative 4 is the only alternative expected to reach MCLs within
a reasonable tine. Alternative 4 will reduce TW nore rapidly and wll
require less naterial handling and, therefore, has greater short-term

ef fecti veness. Although the | east expensive, Alternative 2, Institutiona
Controls, will not reduce TW and will not provide |ong-termeffectiveness
and pernanence.

Utilization of Pernanent Solutions and Alternative Treatnment Technol ogi es or
Resource Recovery Technol ogi es to the Maxi num Extent Practicable

EPA believes the sel ected renedy represents the maxi num extent to which

per manent sol utions and treatnment technol ogies can be utilized in a
cost-effective manner for the Broderick site. O those alternatives that
are protective of hunman health and the environnent and conply wi th ARARs,
EPA has deternined that the sel ected renedy provides the best bal ance of
trade-offs in terns of long-termeffectiveness and pernanence; reduction in
TW achi eved through treatment; short-termeffectiveness; inplenentability;
and cost, and also considering the statutory preference for treatnment as a
principal el enent and considering State and comunity acceptance. The

foll owi ng di scussion of tradeoffs anbng renmedial alternatives is divided
into sections for soils/sedinents and ground wat er

Soi | s/ sediments. For the alternatives for renmediating the soil s/sedinents,
the nore critical evaluation criteria were: |long-termeffectiveness and
per manence; reduction of toxicity, mobility, or volune through treatnent;
and, cost. Alternative 1, No-Action, is not considered since it would not



neet the threshold criteria.

Al ternatives 2, Thermal Desorption, and 4, Ex-situ Biorenediation, provide
the greatest long-termeffectiveness and pernmanence. Each of these
alternatives produce sinmlar |levels of contam nant reduction. The
excavation and treatment of surface and subsurface soils in Alternatives 2
and 4 reduce residual risk to the 10[-5] risk | evel based on an industrial-
use scenario. The residual risk fromsoils not excavated and treated is
controlled by institutional controls. Residual risks for treated soils are
control | ed through placenment of the treated soils in engineered waste
managenent units and institutional controls. Alternative 3, In-Situ

Bi or enedi ati on, woul d provide a | esser degree of |long-termeffectiveness and
per manence because subsurface soils below 12 i nches would not be effectively
treated resulting in a greater residualrisk due to untreated soils and
control of this greater residual risk would be nore dependent on
institutional controls. The effectiveness and reliability of institutiona
controls is considered to be less than for engineered controls.

Studies on this and other wood-treating sites have denonstrated potentia
treatment efficiencies for the destruction of PAHs, PCP and di oxi ns/furans
of 90%to 100% for the treatnent processes in Renedial Alternatives 2 and 4.
These alternatives al so decrease the potential for contanmi nant nmobility

t hrough engineering controls. Alternative 3 would be expected to provide
simlar destruction efficiencies in the top 12 inches. Sub-surface soils
bel ow 12 i nches woul d not be treated, and therefore, the reduction of TW
woul d not be as great. Also, Alternative 3 would not include engi neering
control s.

Alternative 2 would be the nost costly alternative ($32.388 mllion). At
$4.493 mllion, Alternative 4 has the second highest cost. Despite a cost
which is nearly an order of magnitude |less than that for Alternative 2,
Alternative 4 will achieve a simlar |evel of cleanup. Alternative 3 would
be the least costly ($3.039 nmillion), but falls short with regard to | ong-
termeffectiveness and permanence and reduction of TMW.

Ground Water. For the renedial alternatives for the surficial aquifer, the
critical evaluation criteria were the threshold criteria, overall protection
of human health and the environnment and conpliance with ARARs. Alternative
1, No-Action, is not considered since it would not be protective of hunan
heal th and the environment.

Ground water nodeling for the surficial aquifer was conducted to determn ne
the tine it would take to reach MCLs for the ground water under idea
conditions. The nodel was used only to determne the relative effectiveness

of the renedial alternatives. It predicted that, under ideal conditions, it
would take mllions of years for institutional controls (Alternative 2),
which rely on natural attenuation, to reach MCLs. It also predicted that it

woul d take thousands of years for Alternative 3 (Ex-Situ Biorenediation) to
reach MCLs. Thus, these alternatives would not conply with ARARs, a
threshold criterion, and Alternative 2 would not provide overall protection
of human health and the environnment. Consequently, these alternatives were
elimnated fromfurther selection consideration. Alternative 4, Ex-Situ/ln-
Situ Biorenmediation, is the only alternative that neets the threshold
criteria.

The State of Col orado concurs with the selected renedy. The Proposed Pl an
for the site was rel eased for public coment on Septenber 23, 1991. The
Proposed Plan identified Ex-Situ Biorenediation for the soils/sedinments and
Ex-Situ/In-Situ Biorenediation for the surficial aquifer. EPA reviewed al
witten and verbal comments submitted during the public comrent period which
ended on Novenber 22, 1991



Preference for Treatnent as a Principal El enent

The selected remedial alternatives for renediati on of the contam nated

soi |l s/sedinments (Alternative 4, Ex-Situ Biorenediation), ground water
(Alternative 4, Ex-Situ/ln-Situ Biorenediation), and buildings, vessels and
drunms and their contents satisfy the statutory preference for renedies that
enpl oy treatnent as a principal elenent. By treating contaninated

soi | s/ sedi nents and ground water, the selected renmedy incorporates the use
of treatnent technologies. Two treatnment technologies will be used for
contam nants in the soils/sedinents: biorenediation for the organics-
contami nated soils, and solidification for the netal scontam nated soils.

Cont am nated ground water will be treated using Ex-situ/lnsitu
Bi orenedi ation. Principal threats including the contents of the buil dings,
vessel s and drums and NAPLs will be renpoved and recycled, thus elininating

the need for treatment. Thus, the selected renedy satisfies the statutory
preference for remedi es that enploy treatnent as a principal el ement.

Xl . EXPLANATI ON OF SI GNI FI CANT CHANGES

The Proposed Plan for the Broderick site was released for public comment in
Septenber 1991. The Proposed Plan identified Alternative 4, ExSitu

Bi oremedi ation, for the contam nated soils and sedinents, Alternative 4, Ex-
Situ/ln-Situ Biorenmediation, for the surficial groundwater and Alternative 2
for the buildings, vessels, and druns as the preferred alternative. As noted
above in the Description of Alternatives section, the presentation of the
alternatives in this ROD differs fromthe presentation of the alternatives
in the Proposed Plan. These presentation differences are explai ned above
and will not be repeated fully here.

The Proposed Plan presented a cost and excavati on vol une, based on the 10[-
4] action level, for all soil renedial alternatives, but only presented a
cost and excavation volume for the 10[-5] action level for Ex-Situ

Bi orenediation. In the ROD, EPA has analyzed all soil renediation
alternatives at the 10[-5] action level. This was done prinarily to
sinmplify the description and conparison of alternatives. In order to

mai ntain continuity between the Proposed Plan and the ROD, the analysis and
conpari son of the soil renediation alternatives under the nine criteria for
the 10[-4] and 10[-5] action levels is presented bel ow

Overall Protection of Human Health and the Environnment. Both the 10[-4] and
the 10[-5] alternatives would provide overall protection of human health and
t he environment because each alternative would reduce residual risk in the
unexcavated soils to within the 10[-4] to 10[-6] risk range specified in the
NCP. The 10[-5] alternatives would provide a greater degree of protection
because of a greater degree of |ong term pernmanence and effectiveness and a
greater reduction of toxicity and nobility of contam nants through

treat nent.

Conpliance with ARARs. All of the soil alternatives under either action
| evel would conply with all identified ARARs or woul d be wai ved.

Long- Term Per manence and Effectiveness. The 10[-5] alternatives would be
expected to provide a greater degree of |ong-term permanence and

ef fecti veness because the residual risk in unexcavated soils would be
reduced to a lower level. The placenent of the excavated soils in

engi neered structures for the Thernmal Desorption and Ex-Situ Biorenedi ation
woul d al so increase |long-termeffectiveness and pernmanence at the 10[-5]

| evel because there would be |ess reliance on institutional controls to
prevent exposure to residual risks. |In addition, these two alternatives
woul d produce benefits for the overall renmedy because contai nnent and



i solation of the contam nated soils in engineered containnent structures
elimnates a potential source for further contam nation of the groundwater
The benefits of the engi neered contai nnent structures are increased by use
of the 10[-5] action |level because a greater volune of source naterial would
be removed and i sol at ed.

The treatnent endpoint for each of the three treatnment technologies is
expected to be about the same. Therefore, reduction of residual risk

t hrough treatment woul d be expected to be greater for the 10[-5]
alternatives because of the greater volunme of soils which would be treated
to a reduced contanmi nant |evel.

Reduction of Toxicity, Mbility, and Vol une of Contani nants through
Treatnment. The 10[-5] alternatives would provide a greater reduction of
toxicity and mobility of contam nants since a greater volune of soils would
be treated.

Short-Term Ef fecti veness. The 10[-4] alternatives present |ess short-term
ri sk because | ess soil would be excavated or treated. Less tinme would,
therefore, be spent inplementing the remedy. Short-termrisk for any of the
alternatives under either action |evel can be controlled or elimnated

t hr ough proper construction and health and safety techni ques.

| mpl enentability. Each of the alternatives under either of the action
| evel s would be fully inplenentable.

Cost .

10[ - 4] 10[ - 5]
In-Situ Biorenedi ation - $1.02 mllion $ 2.43 mllion
Ex-Situ Bi orenedi ati on - $1.81 mllion $ 3.88 mllion
Thermal Desorption - $8.96 mllion $31.78 mllion

Cost figures for In-Situ Biorenediati on under the 10[-5] action |evel were
not calculated in the FS and have been subsequently cal cul ated by EPA

State Acceptance. The State supports using the 10[-5] action |evel but does
not support the 10[-4] action |evel.

Conmunity Acceptance. BIC has stated its preference for use of the 10[-4]
action level. The community has not indicated a preference for either
action |evel.

EPA's determination to utilize the 10[-5] action |evel was based on the
results of the above analysis and conparison as well as the stated
preference in the preanble of the NCP for renedies that reduce cancer risks
as close to 10[-6] as possible. EPA has determ ned that the increased cost
of inplenenting the 10[-5] action level for excavation is justified by the
increase in longtermeffectiveness and pernmanence both for soils and, as a
result of greater source reduction, for ground water. 1In addition, the 10[-
5] action level produces a greater reduction in the toxicity and nmobility of
contam nants through treatnent. The only criteria which favored the 10[-4]
action level were cost and short-term effectiveness. However, short-term
ef fectiveness is not a significant factor in this case because short-term

ri sks can be easily addressed. The cost difference between the two action

| evel s under the selected renedy was not substantial. Wen considered in
ternms of the selected renedy for soils/sedinents, the increase in cost of
using the 10[-5] action |level is acconpanied by a proportional increase in
overal | effectiveness which results in the conclusion that use of the 10[-5]
action level for the selected remedy is cost-effective.



Bui | di ng Water

The selected renmedy in the June 1988 ROD for QU1 provided that water in the
bui |l di ng' s basenent and sunps woul d be used as quench water for the on-site
i ncineration of the inpoundnent sludges. The incineration remedy was

repl aced by off-site reclanation of the sludges. As a result, EPA
reproposed, in the Proposed Plan for OQU2, that the basenment and sunp water
be treated in the water treatnment plant which was part of the preferred
alternative. The U Cregulation, identified as an ARAR for the ground water
portion of the selected renedy, prevents the basenent and sunp water from
being treated and reinjected into the surficial aquifer. Instead, EPA wll
send this water offsite for disposal as a hazardous waste. This wll
require that the water be stabilized as required by RCRA. The stabilized

material will be transported for disposal to a RCRA Subtitle C hazardous
waste landfill. This change woul d be necessary regardl ess of the renedia
alternative chosen as the selected renedy, except no action. This change
will increase the cost by approximtely $20, 000. 00.
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EXH BIT A

TOXI COLOGY PROFI LES FOR
CONTAM NANTS OF CONCERN

The foll owi ng di scussion cones fromthe toxicol ogy profiles for these
contam nants presented in the Endangernent Assessnent. The follow ng



sunmaries provide infornmation regardi ng the carcinogenicity, nutagenicity,
reproductive effects, and acute toxicity, if available, for the carcinogenic
and non-carci nogeni ¢ PAHs, PCP, dioxins and furans, and toxic netals:

ORGANI C CONTAM NANTS:

Potentially Carci nogeni c PAHs

Carbazole. EPA has classified carbazole as a B2 - Probabl e Human

Car ci nogen based on i nadequate evidence in humans and sufficient evidence of
carcinogenicity from ani mal studies.

Chrysene. EPA has classified chrysene as a B2 - Probabl e Human Carci nogen
based on i nadequate evidence in humans and sufficient evidence of
carcinogenicity fromanimal studies. Carcinogenic effects were observed in
nmce follow ng repeated dernmal application. Chrysene is considered to have
weak carcinogenic activity conpared to benzo(a)pyrene and is reported to
have nutagenic effects. No information concerning teratogenicity or
reproductive effects is avail able.

Benzo(a) ant hracene. EPA has cl assified benzo(a)anthracene as a B2 -

Pr obabl e Human Carci nogen based on i nadequate evi dence in hunans and
sufficient evidence of carcinogenicity fromanimal studies. Evidence from
ani mal studies indicates that this conpound is carcinogenic in mce when
adm ni stered orally and dermally. Neither acute nor chronic exposure
produced significant toxic effect. No data was found regardi ng
teratogenicity, nmutagenicity, or reproductive effects.

Benzo(a) pyrene. EPA has classified benzo(a)pyrene as a B2 Probabl e Hunan
Car ci nogen based on limted evidence in humans and sufficient evidence of
carcinogenicity fromanimal studies. Muse studies show this conpound to be
a local and system c carcinogen. Adequate data does not exist to assess the
ef fects on humans of acute or chronic exposure. No teratogenicity or other
reproductive effects have been observed in | aboratory aninals.

Benzo(b) fl uoranthene. EPA has classified benzo(b) fluoranthene as a B2 -
Pr obabl e Human Carci nogen based on i nadequate evi dence in hunans and
sufficient evidence of carcinogenicity fromani mal studies. Muse skin
pai nting studies show this conmpound to be a conplete carcinogen. Adequate
data does not exist to assess the effects on hunmans of acute or chronic
exposure. No data are available on teratogenicity or other reproductive
effects.

Benzo( k) fl uorant hene. EPA has classified benzo(k) fluoranthene as a B2 -
Pr obabl e Human Carci nogen based on i nadequate evi dence in hunans and
sufficient evidence of carcinogenicity fromaniml studies. No data are
avai | abl e regardi ng nutagenicity, teratogenicity, or reproductive effects.

Di benzo(a, h)ant hracene. EPA has classified di benzo(a,h) anthracene as a B2
- Probabl e Human Carci nogen based on i nadequate evi dence in hunans and as an
experimental carcinogen fromanimal studies. Neither acute nor chronic
exposures produced significant toxic effect. Data are avail able regarding
nmut agenicity effects.

I ndeno(1, 2, 3-cda) pyrene. EPA has classified indeno(1, 2,3-cd)pyrene as a B2
- Probabl e Human Carci nogen based on i nadequate evi dence in hunans and
positive evidence of carcinogenicity fromaninmal studies. Mitagenicity data
in |aboratory animals are avail abl e.

Noncar ci nogeni ¢ PAHs

Napht hal ene. No data is avail abl e regarding the carci nogenicity of



napht hal ene to humans. This conpound is generally considered
noncar ci nogeni c in experinmental aninmals. However, naphthal ene is classified
as a Class D Carcinogen - there is not adequate evidence of carcinogenicity.
Ter at ogeni ¢ and reproductive effects of inhaled or ingested naphthal ene are
not well docunented, however, phototoxic effects in humans and rabbits have
resulted fromingestion. Oral administration of naphthal ene in rabbits and
rats has resulted in cataract formation. Limted information is avail able
concerning acute and chronic toxicity effect to humans and experi nenta

ani mal s.

Acenapht hyl ene. There are no data avail able regardi ng the carcinogenicity,
teratogenicity, or reproductive effects in humans or experinental aninals.

Acenapht hene. There is no evidence suggesting carcinogenicity andlimted
evi dence of nutagenicity. Slight norphol ogical changes in the Iiver and
ki dney of rats have been reported foll owi ng oral exposure to acenaphthene.
Acut e and chronic effects of acenaphthene exposure to hunmans are poorly
under st ood.

Fl uorene. | nadequate studies exist to evaluate the carcinogenicity of this
conpound. M xed results in nutagenicity testing exist. No data are
avai | abl e on the teratogenic or reproductive effects or chronic and acute
toxicity.

Phenant hrene. Insufficient studi es have been perforned to eval uate the
carcinogenicity of the conpound, although it may be a weak initiator. The
acute and chronic toxic effects are unknown. There is linmted evidence of
nmut ageni city and no evidence of teratogenic or reproductive effects.

Ant hracene. There is no evidence suggesting carcinogenicity in hunans by
the oral route. Anthracene exhibits mxed results in nutagenicity testing.
There are no reports of teratogenic or reproductive effects due to exposure.
Little informati on concerning acute and chronic effects is avail able.

Fl uoranthene. There is no information concerning carcinogenicity in humans,
but fluoranthene appears to posses potent carcinogenic activity in test
animals. There is linted evidence of nutagenicity and no infornation
regardi ng teratogenicity or reproductive effects. Sufficient data exists on
chronic effects to allow the EPA to set a human health water quality
criteria.

Pyrene. No data is avail able to assess carcinogenicity to humans, but this
conpound has not been found to be carcinogenic in animal studies. There is
limted evidence of nutagenicity. |Infornmation on teratogenic or
reproductive effects is not avail abl e.

Benzo(g, h,i)perylene. EPA has classified benzo(g,h,i) perylene as a
noncar ci nogeni ¢ PAH based on Iimted evidence of carcinogenicityfrom ani ma
studies. Data are available regarding nutagenicity effects.

Aci d Extractabl es

Phenol. Phenol is classified by the EPA as a Class D agent which inplies
there is not adequate evidence of carcinogenicity. Phenol is readily
absorbed through the gut, by inhalation, and percutaneously. Data on

nmut ageni city are equi vocal. Phenol does not appear to be teratogenic. Due
toits relatively low volatility at roomtenperature, phenol generally does
not constitute a serious respiratory hazard; upon direct contact, it is a
skin hazard

2- Chl orophenol. The EPA has stated that 2-chl orophenol has not been



eval uated for evidence of hunan carcinogenic or chronic health effects.

2- Met hyl phenol . 2-Met hyl phenol (or o-cresol) is classified by the EPA in
Class C - Possible Human Carci nogen, based on skin studies in |aboratory
ani mal s. Experinental evidence indicates that 2-methyl phenol is absorbed
foll owi ng i ngestion, inhalation, and dernmal exposure. Effects follow ng
acute exposure to 2-nethyl phenol include injury to the eyes, skin, liver,
ki dney, and vascul ar system

4- Met hyl phenol .  4- Met hyl phenol is classified by the EPA in O ass D agent
which inplies there is not adequate evi dence of carcinogenicity.

Experi nental evidence indicates that 4-nethyl phenol is absorbed foll ow ng

i ngestion, inhalation and dermal exposure. Effects follow ng acute exposure
to 4-nmet hyl phenol include muscul ar weakness, gastroenteric disturbances,
severe depression, edena of the lungs, injury to the eyes, skin, liver,

ki dney, pancreas, spleen and vascul ar system collapse and deat h.

2,4-Di chl orophenol. The EPA has stated that 2-4-dichlorophenol has not been
eval uated for evidence of hunan carcinogenic or chronic health effects.
Based on studies in |aboratory aninals, experinmental evidence indicates that
2- 4-di chl or ophenol causes teratogenic and reproductive effectsfoll ow ng
chroni c exposure

2,4,5-Trichl orophenol. The EPA has stated that 2,4,5trichlorophenol has not
been eval uated for evidence of carcinogenic health effects. 2,4, 5-
trichlorophenol is classified by the EPA as a potential chronic health
hazard based on evidence of oral effects fromstudies in |aboratory animals.
No experimental evidence is available for inhalation exposure.

2,4,6-Trichlorophenol. 2,4,6-trichlorophenol is classified by the EPA as a
B2 - Probabl e Human Carci nogen, based on no human data and suffi cient
evidence fromstudies in |aboratory aninals. Experinental evidence

i ndicates that is absorbed follow ng ingestion and inhal ati on exposure. The
EPA has stated that 2,4,6-trichlorophenol has not been eval uated for

evi dence of chronic health effects.

Pent achl orophenol. PCP is classified by the EPA as a C ass B2 Probabl e
Human Carcinogen. PCP is readily absorbed follow ng oral and inhalation
exposure; evidence fromoccupational studies indicates it is also absorbed
foll owi ng dermal exposure (EPA, 1984d). Case reports in humans via

occupati onal exposure indicate the followi ng effects of PCP, neurotoxicity,
i mune systemeffects, |iver and ki dney damage, and hematol ogi cal di sorders.
Phot ot oxi c effects associated with skeletal ossification, as well as
maternal toxicity in rodents were observed.

Di oxi ns/ Fur ans

The isonmer 2, 3, 7, 8 TCDD is used as the reference conpound to eval uate the
toxicities of the polychlorinated di benzo-p-dioxins and pol ychl ori nat ed

di benzofurans. TCDD i s denonstrated ani mal carci nogen follow ng dernal and
oral adnministration. Various investigations show a weak |ink between
occupational and environnmental exposures of 2, 3, 7, 8 TCDD and
carcinogenicity in humans. The U. S. EPA classifies this compound as a C ass
B2 - Probabl e Human Carci nogen. Teratogenic effects were observed in rats.
Evi dence of teratogenicity to humans is weak. Both positive and negative
results were obtained in nutagenicity tests indicating that evidence is

i nadequat e.

The foll owi ng table shows equival ency factors for converting other dioxins
to 2,3,7,8-TCDD



Vol atil e Organi ¢ Conpounds VCCs

Benzene. Benzene is classified as a Class A carcinogen - Hunan Carci nogen
based on adequate evi dence of carcinogenicity from epi dem ol ogi cal studies.
Benzene is readily absorbed through both oral and inhalation routes. The
toxic effects of the benzene in humans and other animals include centra
nervous system effects, henatol ogical effects, and i nmune system depression
Chroni c exposure to benzene vapors can produce reduced | eukocyte, platelet,
and red bl ood cell counts.

Tol uene. Toluene is categorized as a Class D agent which inplies there is

i nadequat e evi dence of carcinogenicity. Toluene is absorbed in humans
followi ng both inhalation and dermal exposure. In humans chronic exposure
to toluene vapors at concentrations of approximately 200 to 800 ppm (parts
per mllion) has been associated with central nervous system and peri phera
nervous system effect, hepatonmegaly, and hepatic and renal function changes.

Et hyl benzene. Ethyl benzene is categorized as a Cass D agent which inplies
there is inadequate evidence of carcinogenicity. In humans, ethyl benzene is
characterized by its irritancy to skin and nucous nenbranes. No data are
avai |l abl e on the teratogenic, nutagenicity or reproductive activity of

et hyl benzene.

Xyl enes. Xylene is categorized as a Class D agent which inmplies there is

i nadequat e evi dence of carcinogenicity. The three xylene isonmers, conmpounds
havi ng the sane chenmical constituents in a different configuration, have
simlar toxicological properties and are di scussed together. Wen inhaled
at high concentrations, xylene causes central nervous system depression; it
can al so cause reddeni ng of the face, disturbed vision and salivation. There
is sone evidence suggesting that xylene sensitizes the nyocardiumto the
endogenous neur ohornmone, epi nephrine and can precipitate heart failure and
death. Workers chronically exposed to xylene display synptons simlar to
those seen in acutely exposed individuals. |In addition, there have been
reports that disturbances in the blood can occur from xyl ene exposure.

There are no studies to indicate that xylene is carcinogenic or nutagenic.

Met hyl ene Chl oride. EPA has classified nethylene chloride as a B2 -

Pr obabl e Human Carci nogen. Methylene chloride is absorbed follow ng ora

and inhal ati on exposure. Acute human exposure to nethyl ene chloride my
result inirritation to the eyes, skin and respiratory tract; centra

nervous system depression, el evated carboxyhenogl obin |levels and circul atory
di sorders that nay be fatal. Chronic exposure of animals can produce rena
and hepatic toxicity. Several inhalation studies conducted in aninmals
provi de cl ear evidence of nethylene chloride' s carcinogenicity. There is
only suggestive evidence in experinental aninmals that hepatocellular

carci nonas and neopl astic nodul es arise fromoral exposure.

Trichl oroethene. EPA has classified trichloroethene (TCE) as a B2 -

Pr obabl e Human Carci nogen based on i nadequate evi dence in hunans and
sufficient evidence of carcinogenicity fromaniml studies. TCE is a
central nervous system depressant follow ng acute and chroni c exposure.
Hi gh | evel exposure can result in death due to respiratory and cardi ac
failure. Hepatotoxicity has been reported in hunman and ani mal studies
foll owi ng acute exposure to TCE

Trichl oroethyl ene. EPA has classified trichloroethylene as a B2 -Probabl e
Human Car ci nogen based on i nadequate evidence in humans and sufficient

evi dence of carcinogenicity fromani nal studies. Trichloroethyl ene may
damage the liver and other organs follow ng chronic exposure. High |eve
exposure can result in death due to cardiac failure.



Tetrachl oroethyl ene. EPA has classified tetrachl oroethylene as a Goup C -
Possi bl e Human Carci nogen, based on conflicting evidence in humans, and as
an experinental carcinogen fromani mal studies. Inhalation of vapors from
tetrachl oroethyl ene may affect the liver and nay be a depressant to the
central nervous system

| NORGANI CS:
Met al s

Arsenic. There is inadequate evidence for the carcinogenicity of arsenic
conpounds in aninmals. There is sufficient evidence, however, that these
conpounds are skin and | ung carci nogens in humans. EPA classifies this
conpound as a Class A - Human Carci nogen. Oral doses to experinenta

ani mal s produced phototoxic synptons indicating arsenic to be teratogenic.
Weak or negative results were obtained in nbst bacterial tests for

nmut agenicity. Toxicity depends on the chem cal form of arsenic, arsenites
(As[+3]) are nore toxic than arsenates (As[+5]), along with the route and
durati on of exposure.

Cadmium The evidence for carcinogenicity in humans is limted and i s based
on a study of lung cancer in cadm um snelter workers. Evidence for
carcinogenicity in animls was considered sufficient based upon subcutaneous
and intranuscul ar injection studies. The U S. EPA, therefore, classifies
cadmi um as a Bl - Probable Human Carci nogen. Cadni um has been shown to
reduce fertility and cause teratogenic effects in experinmental aninals
follow ng intravenous, intraperitoneal and subcutaneous adm nistration
Cadmi um has al so been shown to be weakly nutagenic.

Lead. Lead and nost | ead conpounds are classified by the U S. EPA as d ass
B2 Carci nogens - Probabl e Human Carci nogens, resulting fromsufficient

evi dence of carcinogenicity in aninmals and i nadequate evi dence of
carcinogenicity in humans. Lead is stored in the body in bone, kidney and
liver (EPA, 1984e). The mmjor adverse effects in humans caused by | ead
exposure include alterations in the henmatopoietic and nervous systens. The
toxic effects are generally related to the concentration of this netal in
bl ood. Mutagenicity cannot be determ ned fromshort termtests due to
cellular toxicity. Subchronic and chronic exposures of rats and mce to

| ead have resulted in teratogenic and reproductive effects. Teratogenicity
of inhaled | ead has al so been observed in humans occupational |y exposed to
| ead.

Zinc. Zinc is categorized as a Class D agent which inplies there is

i nadequat e evi dence of carcinogenicity. Zinc is an essential trace el ement
that is necessary for normal health and netabolismand therefore is nontoxic
in trace quantities. COverexposure to zinc has been associated with

gastroi ntestinal disturbances, dermatitis, and netal fune fever, a condition
characterized by fever, chills, coughing, dyspnea, and nuscle pain (EPA
1984). Chronic oral exposure of hunmans to zinc nay cause anenia and altered
hemat ol ogi cal paraneters. There is no evidence of teratogenic or

car ci nogeni ¢ effects.

EXH BIT B

ARARS | DENTI FI ED FOR THE FI NAL REMEDY
EXH BIT C

CALCULATI ON OF HBCLs FOR SA LS

EXH BIT C



Action Levels for Excavation of
Organi cs-Contam nated Soils at the Broderick Site

Thi s Exhi bit describes a nethodol ogy for applying the health-based cl eanup

| evels (HBCL), as presented in Section 2.1 of the Feasibility Study for the
BWP site and Table 11 of this ROD, for excavation of organi cscontani nated
soils at the site using cleanup |evel indices. As discussed bel ow, these
cleanup level indices are sinlar in concept to the hazard index used to
eval uat e noncarci nogenic effects. A cleanup |evel index ensures that
renmedi ati on neets the target risk level for site cleanup, when using the
heal t h-based cl eanup | evels presented in Table 11. This approach is
consistent with risk assessnment principles. The nethodology is presented in
two parts: first, a description of the cleanup |evel index approach and its
use for evaluating cunul ative health-effects for all conpounds is presented;
second, an exanple is provided to denonstrate the application of the cleanup
 evel index.

CLEANUP LEVEL | NDEX

The procedure presented in section 2.1 of the FS for devel opi ng heal t h- based
cl eanup levels (HBCL) cal culated a concentration for individual constituents
in a particular mediumthat is at an acceptable risk |level (where risk |eve
is defined as either a specified individual |ifetime cancer risk or a hazard
index less than 1). In nmany cases, one or two constituents are responsible
for much of the potential cancer risk or non-carcinogenic effect estinmated
for a site, so reducing concentrations of all constituents below their HBCLs
shoul d reduce total risks belowtheir target levels. To nmake sure this is
actually the case, the foll owi ng nethodol ogy is proposed.

First, conmpare the concentrations of individual constituents in a sanple
with the individual HBCLs. |If the concentrations are all below their

i ndi vidual HBCLs, then the cleanup level index (CLI) may be less than 1, but
this condition would need to be verified by using the follow ng
conputations. (If the concentration of one or nore constituents are above
their individual HBCLs, then it can be concluded that the CLI is greater
than 1 without conpleting any further conputations.) Second, segregate
chemicals into those with HBCLs using carcinogenic effects as their endpoint
and those using noncarcinogenic effects as their endpoint. For chenicals
usi ng carcinogenic effects as their endpoint, a cleanup level index is

cal cul at ed.

Ne
CLi[c] = G/HBCL] (1)
j =1

wher e:

CLI[c] = cleanup |evel index for carcinogenic effects,

G = concentration of chenmical j in a particular medi um

HBCLj = heal t h-based cl eanup | evel for chemcal j, and

Nc = nunber of chemicals with HBCLs using carcinogenic effects as their
endpoi nt .

If CLI[c] is less than 1 then the sumof the risks associated with these
chemicals is |l ess than the acceptable cancer risk level. To show that this
is the case, recall that HBCL] is defined as

HBCLj = ARL/URFj (2)

wher e:
ARL = acceptable risk |evel, and



URFj = unit risk factor for chenmical j.
Substituting Equation 2 into Equation 1 gives the follow ng:

Ne
CLi[c] =G U URF/ARL (3)
=1

If CLI[c] is equal to or less than 1, then Equation 3 can be rearranged to
gi ve:

Nc
ARL G 0 URF (4)
j =1

Since the quantity G u URF gives the risk | evel associated with chem ca
j, then Equation 4 indicates the sumof the individual chemical risks are
bel ow the acceptable risk level. Thus, if CLIs as given by Equation 1 is
| ess than or equal to 1, then the cunulative risk associated with al
chemicals is |less than the acceptable risk |evel.

EXAMPLE

To illustrate this application of the cleanup | evel index, consider a

hypot hetical site with four |ocations being considered for renedi ation
There are 20 chemicals with potential carcinogenic activity that are being
evaluated at this site. These chemicals are nanmed Al through A20.
Heal t hbased cl eanup | evel s (HBCLs) have been devel oped for each chem ca
based on these potential carcinogenic effects and the HBCL for each chem ca
is presented in Table 1. Additionally, we have presented HBCLs divi ded by

t he nunber of chemicals (20). Also presented in Table 1 are concentrations
observed in each | ocation.

Renedi ati on woul d be required in Locations 1 and 2 because the
concentrations of sone chenmicals (i.e., D, E, F, and G exceed their HBCLs.
At Locations 3 and 4, the concentrations are bel ow HBCL for each chem cal
However, the total cleanup |level index (CLI) for Location 3 exceeds 2,
indicating renediation will be required. The total CLI at Location 4 is
below 1, indicating the total cancer risk associated with all chemcals is
bel ow the target risk |evel.
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March 3, 1992

M. Jack McGraw, Acting Regi onal Admi nistrator
U. S. Environnmental Protection Agency, Region VIII
999 18th Street

Denver, CO 80202-2405

Re: State of Col orado Concurrence with the Broderick Wod Products Operable
Unit #2 Record of Decision

Dear M. MG aw.

The State of Col orado, through the Col orado Departnent of Health (the
State), concurs with the Proposed Plan and Record of Decision for Operable
Unit #2 at the Broderick Wod Products site at 5800 Gal apago Street in
uni ncor porated Adans County, Colorado. This concurrence is based on
currently available information indicating the nature and extent of
contam nation fromthe historic wood treating activities at the site. W
beli eve the selected renedy will be protective of hunan health and the
environnent, conplies with federal and state requirements, and neets the
rel evant and appropriate criteria of CERCLA

The State and EPA have had di scussions concerning the nature and extent of
contam nation and the selected renedy at the site. The following itens were
found to be of concern at the Broderick Wod Products site:

1) W concur with the waiver of ARARs for the renedi ati on of the Denver

aqui fer under the Broderick property because of the site-specific

hydr ogeol ogi ¢ characteristics and present technical engineering limtations.
We agree that institutional controls and nmonitoring will be required. The
renmedy nust be reconsidered if new infornmation indicates that it is
technically practicable to treat the Denver aquifer under the Broderick
property or if nonitoring shows that institutional controls do not protect
public health.

2) W concur with the devel opnent and inplenentation of the appropriate
institutional controls to prevent exposure to and use of residua

contam nated soil and ground water at the Broderick site. Institutiona
controls nust be required to ensure the necessary |evel of permanence, and
protection of human health and the environment as contenpl ated by the ROD
Long term operati on and mai ntenance of any institutional controls inmposed at
the site will require a careful determ nation that the sel ected nmechani sns
protect public health and the environnent.

The Departnent of Health will actively participate in the Renedi al Desi gn and
Renedi al Action phases of Operable Unit #2 at the Broderick Wod Products
site.

Si ncerely,

Thomas P. Looby, Director
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